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SODIUM CHANNEL MODULATORS 



Field of the Invention 
This application claims priority from U.S. Provisional Application 
5 Number 60/262, 1 1 0, filed 1 6 January 200 1 . 



Field of the Invention 
The invention is directed to novel compounds that bind to sodium 
channels and modulate their activity. The invention is also directed to 
10 pharmaceutical compositions comprising such compounds, methods of using 
such compounds to treat diseases associated with the activity of sodium 
channels, and processes and intermediates useful for preparing such compounds. 

Backjground 

15 Voltage-gated ion channels play a critical role in the electrical activity of 

neuronal and muscle cells. Large families of voltage-gated ion channels (e.g. 
sodium channels) have been identified. These ion channels have been the target 
of significant pharmacologic study, due to their potential role in a variety of 
pathological conditions, 

20 For example, the activity of sodium channels has been implicated in 

numerous pathological conditions, including neuropathic pain. Neuropathic 
pain is a chronic condition associated with diabetes, chronic inflammation, 
cancer and herpes virus infection. An estimated 75 million people worldwide 
are expected to suffer from neuropathic pain by the year 2010. Unfortunately, 

25 current treatment options typically provide only partial pain relief, and are 

limited by inconvenient dosing and by side effects, such as somnolence, ataxia, 
edema, gastrointestinal discomfort and respiratory depression. 
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Thus, despite the limited success that has been achieved using sodium 
channel modulators to treat pain, there continues to be a need for novel agents 
and methods that are useful for treating neuropathic pain, as well as other 
conditions associated with the activity of sodium channels. Particularly useful 
5 agents may be more potent or cause fewer side effects than existing agents. 



Summary of the Invention 
The present invention provides novel compounds that modulate (e.g. 
block) sodium channel activity. Accordingly, the invention provides a 
1 0 compound of the invention, which is a compound of formula (I): 



— R2 X **R3 

(D 



wherein 

R, is aryl; 

R 2 is a group of formula (II): 



R 7 (A 20 )n 
15 (II) 

wherein: 

A,, A 2 , and A 20 are each independently alkylene or substituted alkylene; 
n is 0 or 1 ; 

R 7 is hydrogen, alkyl, or substituted alkyl; and 
20 R s is NR l0 R n , wherein each of R 10 and R M is independently hydrogen, 

alkyl, or substituted alkyl; and 
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X is oxygen and R 3 is aryl, heteroaryl, cycloalkyl, substituted cycloalkyl, 
heterocycle, alkyl, or substituted alkyl; or 

X is a direct bond and R 3 is an N-linked heteroaryi or an N-linked 
heterocycle; 

5 wherein any aryl of R,-R 3 can optionally be substituted with from 1 to 5 

substituents R g ; wherein each R & is independently selected from the group 
consisting of hydroxy, alkyl, substituted alkyl, alkoxy, cycloalkoxy, substituted 
cycloalkoxy, methanediol (-OCH 2 0-), ethanediol (-OCH 2 CH 2 0-), cycloalkyl, 
substituted alkyl, substituted alkoxy, substituted cycloalkyl, amino, substituted 

10 amino, aryl, aryloxy, carboxy, carboxylalkyl (e.g. -C0 2 Me), carboxyl(substituted 
alkyl) (e.g. -C0 2 (substituted alkyl)), cyano, halo, nitro, heteroaryl, heteroaryloxy, 
heterocyclic, heterocyclooxy, heteroaryl and trihalomethyl; 

and wherein any heteroaryl of R 2 -R 3 can be optionally substituted with 1 
to 5 substituents R h , wherein each R h is independently selected from the group 

15 consisting of hydroxy, alkyl, alkoxy, substituted alkoxy, cycloalkoxy, substituted 
cycloalkoxy, substituted alkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl, 
substituted cycloalkyl, amino, substituted amino, aryl, aryloxy, carboxyl 
(-COOH), carboxylalkyl (e.g. -C0 2 Me), carboxyl(substituted alkyl), cyano, halo, 
nitro, heterocyclic, and trihalomethyl. 

20 or a pharmaceutical^ acceptable salt thereof 

A preferred compound of formula (I) is a compound of formula (III): 




wherein: 

A 6 and A 7 are each independently alkylene or substituted alkylene; 
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each R 20 is independently halo, alkyl, substituted alkyl, aryl, alkoxy, 
substituted alkoxy, cycloalkoxy, substituted cycloalkoxy, trifluoromethyl, cyano, 
nitro, hydroxy, NR 4 R 5 , or C0 2 R 6 ; 

R 2I is hydrogen, alkyl, or substituted alkyl; 
5 each R 22 is independently halo, alkyl, substituted alkyl, aryl, heteroaryl, 

cycloalkyl, substituted cycloalkyl, heterocycle, alkoxy, substituted alkoxy, 
cycloalkoxy, substituted cycloalkoxy, trifluoromethyl, cyano, nitro, hydroxy, 
NR 4 R 5) or CO^; 

y isO, 1,2,3,4, or 5; 
10 z is 0, 1, 2, 3, 4, or 5; and 

R 4 -R 6 are each independently hydrogen, alkyl, or substituted alkyl; 

wherein any aryl of A 6 , A 7 , R20-R22 R 4~R<> can optionally be 
substituted with from 1 to 5 substituents R^; wherein each R g is independently 
selected from the group consisting of hydroxy, alkyl, substituted alkyl, alkoxy, 
15 cycloalkoxy, substituted cycloalkoxy, methanediol (-OCH 2 0-), ethanediol (- 
OCH 2 CH 2 0-), cycloalkyl, substituted alkyl, substituted alkoxy, substituted 
cycloalkyl, amino, substituted amino, aryl, aryloxy, carboxy, carboxylalkyl (e.g. 
-C0 2 Me), carboxyl(substituted alkyl), cyano, halo, nitro, heteroaryl, 
heteroaryloxy, heterocyclic, heterocyclooxy, heteroaryl and trihalomethyl; 
20 and wherein any heteroaryl of A 6 , A 7 , R 20 -R 2 2 an ^ Rr*^ caj i be optionally 

substituted with I to 5 substituents R h , wherein each R h is independently selected 
from the group consisting of hydroxy, alkyl, alkoxy, substituted alkoxy, 
cycloalkoxy, substituted cycloalkoxy, substituted alkyl, arylalkyl, 
heteroarylalkyl, heterocyclealkyl, substituted cycloalkyl, amino, substituted 
25 amino, aryl, aryloxy, carboxyl (-COOH), carboxylalkyl (e.g. -C0 2 Me), 

carboxyl(substituted alkyl), cyano, halo, nitro, heterocyclic, and trihalomethyl. 

or a pharmaceutical^ acceptable salt thereof. 

Another preferred compound of formula (I) is a compound of formula 

(IV): 

30 
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wherein; 

A 8 and A$ are each independently alkylene or substituted alkylene; 
each R 23 is independently halo, alkyl, substituted alkyl, aryl, heteroaryl, 
cycloalkyl, substituted cycloalkyl, heterocycle, alkoxy, substituted alkoxy, 
5 cycloalkoxy, substituted cycloalkoxy, trifluorornethyl, cyano, nitro, hydroxy, 
NR 4 R 5 , or C0 2 R 6 ; 

R 24 is hydrogen, alkyl, or substituted alkyl; 

R 25 is alkyl, substituted alkyl, aryl, heteroaryl, cycloalkyl, substituted 
cycloalkyl, or heterocycle; 

10 d is 0, 1, 2, 3, 4, or 5; and 

R 4 -R 6 are each independently hydrogen, alkyl, or substituted alkyl; 
wherein any aryl of A 8 , A^, R 23 -R 25 and R 4 -R 6 can optionally be 
substituted with from 1 to 5 substituents R g ; wherein each R g is independently 
selected from the group consisting of hydroxy, alkyl, substituted alkyl, alkoxy, 

15 cycloalkoxy, substituted cycloalkoxy, methanediol (-OCH 2 0-), ethanediol (- 
OCH 2 CH 2 0-X cycloalkyl, substituted alkyl, substituted alkoxy, substituted 
cycloalkyl, amino, substituted amino, aryl, aryloxy, carboxy, carboxyialkyl (e.g. 
-C0 2 Me), carboxyl(substituted alkyl), cyano, halo, nitro, heteroaryl, 
heteroaryloxy, heterocyclic, heterocyclooxy, heteroaryl and trihalomethyl; 

20 and wherein any heteroaryl of A 8 , A g , R 23 -R 2 5 and R 4 -R 6 can be optionally 

substituted with 1 to 5 substituents R h , wherein each R h is independently selected 
from the group consisting of hydroxy, alkyl, alkoxy, substituted alkoxy, 
cycloalkoxy,, substituted cycloalkoxy, substituted alkyl, arylalkyl, 
heteroarylalkyl, heterocyclealkyl, substituted cycloalkyl, amino, substituted 

25 amino, aryl, aryloxy, carboxyl (-COOH), carboxyialkyl (e.g, -C0 2 Me), 

carboxyl(substituted alkyl), cyano, halo, nitro, heterocyclic, and trihalomethyl. 

5 
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or a pharmaceutical^ acceptable salt thereof 

Another preferred compound of formula (I) is a compound of 



formula (V): 




t NH 3 



(V) 



wherein: 



5 



A, 0 and A n are each independently alkylene or substituted alkylene; 



each R 26 is independently halo, alkyl, substituted alkyl, aryl, heteroaryl, 
cycloalkyl, substituted cycloalkyl, heterocycle, alkoxy, substituted alkoxy, 
cycloalkoxy, substituted cycloalkoxy, trifluoromethyl, cyano, nitro, hydroxy, 
NR 4 R 5 , or CC^R*; 



15 substituted with from 1 to 5 substituents R g ; wherein each R g is independently 
selected from the group consisting of hydroxy, alky!, substituted alkyl, alkoxy, 
cycloalkoxy, substituted cycloalkoxy, methanediol (-0CH 2 O), ethanediol (- 
OCH 2 CH 2 0-), cycloalkyl, substituted alkyl, substituted alkoxy, substituted 
cycloalkyl, amino, substituted amino, aryl, aryloxy, carboxy, carboxylalkyl (e,g. 

20 -C0 2 Me), carboxyl(substituted alkyl), cyano, halo, nitro, heteroaryl, 

heteroaryloxy, heterocyclic, heterocyclooxy, heteroaryl and trihalomethyl; 

and wherein any heteroaryl of A I0 , A u> R 2 6~R 28 R^Re can be 
optionally substituted with 1 to 5 substituents R h , wherein each R h is 
independently selected from the group consisting of hydroxy, alkyl, alkoxy, 

25 substituted alkoxy, cycloalkoxy, substituted cycloalkoxy, substituted alkyl, 
arylalkyl, heteroarylalkyl, heterocyclealkyl, substituted cycloalkyl, amino, 
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R 27 is hydrogen, alkyl, or substituted alkyl; 

R 2S is an N-linked heteroaryl or an N-linked heterocycle; 

tis 0, 1, 2, 3, 4, or 5; and 

R 4 -R 6 are each independently hydrogen, alkyl, or substituted alkyl; 
wherein any aryl of A ]0 , A H , R 2 <fR 2 8 and R 4 -R$ can optionally be 
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substituted amino, aryl, aryloxy, carboxyl (-COOH), carboxylalkyl (e,g, 
-C0 2 Me), carboxyl(substituted alkyl), cyano, halo, nitro, heterocyclic, and 
trihalornethyl. 

or a pharmaceutical^ acceptable salt thereof 
5 Another preferred compound of formula (I) is a compound of 

formula (VI): 




Raj 



(VI) 

wherein: 

A l2 and A n are each independently alkylene or substituted alkyiene; 
each R 29 is independently halo, alkyl, substituted alkyl, aryl, heteroaryl, 
cycloalkyl, substituted cycloalkyl, heterocycle, alkoxy, substituted alkoxy, 
cycloalkoxy, substituted cycloalkoxy, trifluoromethyl, cyano, nitro, hydroxy, 
NR4R5, or COjR^; 

each R 30 is independently halo, alkyl, substituted alkyl, aryl, heteroaryl, 
cycloalkyl, substituted cycloalkyl, heterocycle, alkoxy, substituted alkoxy, 
cycloalkoxy, substituted cycloalkoxy, trifluoromethyl, cyano, nitro, hydroxy, 
NR 4 R 5 , or C0 2 R 6 ; 

R 31 is hydrogen, alkyl, or substituted alkyl; 

R 32 is alkyl, substituted alkyl, aryl, heteroaryl, cycloalkyl, substituted 
cycloalkyl, or heterocycle; 

ris 0, l y 2, 3, 4, or 5; 
q is 0, I, 2, 3, 4, or 5; and 

R 4 -R 6 are each independently hydrogen, alkyl, or substituted alkyl; 
wherein any aryl of A l2 , A l3 , R29-R32 and &4" R 6 can optionally be 
substituted with from 1 to 5 substituents R g ; wherein each R g is independently 
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selected from the group consisting of hydroxy, alkyl, substituted alkyl, alkoxy, 
cycloalkoxy, substituted cycloalkoxy, rnethanediol (-OCH 2 0-), ethanediol 
(-OCH 2 CH 2 0-), cycloalkyl, substituted alkyl, substituted alkoxy, substituted 
cycloalkyl, amino, substituted amino, aryl, aryloxy, carboxy, carboxylalkyl (e.g. 
5 -C0 2 Me), carboxyl(substituted alkyl), cyano, halo, nitro, heteroaryl, 

heteroaryloxy, heterocyclic, heterocyclooxy, heteroaryl and trihalomethyl; 

and wherein any heteroaryl of A 12 , A 13 , R29-R32 R<tRg can be 
optionally substituted with 1 to 5 substituents R h , wherein each R h is 
independently selected from the group consisting of hydroxy, alkyl, alkoxy, 
10 substituted alkoxy, cycloalkoxy, substituted cycloalkoxy, substituted alkyl, 
arylalkyl, heteroarylalkyl, heterocyclealkyl, substituted cycloalkyl, amino, 
substituted amino, aryl, aryloxy, carboxyl (-CGOH), carboxylalkyl (e.g. 
-C0 2 Me), carboxy](substituted alkyl), cyano, halo, nitro, heterocyclic, and 
trihalomethyl. 

15 or a pharmaceutical^ acceptable salt thereof. 

The invention also provides a pharmaceutical composition comprising a 
compound of the invention and pharmaceutical^ acceptable carrier. 

The invention also provides a method of treating a disease or condition 
associated with sodium channel activity (e.g. neuropathic pain) in a mammal, 

20 comprising administering to the mammal, a therapeutically effective amount of a 
compound of the invention. The invention also provides a method of treating a 
disease or condition associated with sodium channel activity (e.g. neuropathic 
pain) in a mammal, comprising administering to the mammal, a therapeutically 
effective amount of a pharmaceutical composition of the invention. 

25 The invention also provides processes and intermediates described 

herein, which are useful for preparing compounds of the invention. 

The invention also provides a compound of the invention as described 
herein for use in medical therapy, as well as the use of a compound of the 
invention in the manufacture of a formulation or medicament for treating a 
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disease or condition associated with sodium channel activity (e.g. neuropathic 
pain) in a mammal. 

Preferred compounds of the invention are the compounds of formulas I 
and HI-VI shown in Tables I-XI below. 

5 

Table I: Preferred Compounds of Formula I 



Compound 


Structure 


1 


Ct CH3 H3C r) 



10 



9 
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Table II: Preferred Compounds of Formula I 




CH 3 CH 3 



Compound 


R 2 


2 




3 




4 

■ 


CH 3 
NH 2 



Table HI: Preferred Compounds of Formula I 



H 3 C NH 2 

10 



Compound 






5 


cc 






i t r 








CI 5 



10 
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6 








f h 





Table IV: Preferred Compounds of Formula I 




Compound 


Si 


E3 


7 


2,6-dimethylphenyl 


2,6-dimethylphenyl 


8 


2-methylphenyl 


2-methylphenyl 


9 


2,4-dimethylphenyl 


2,4-dimethylphenyl 



10 Table V: Preferred Compounds of Formula I 




CH 3 NH 2 



Compound 


E 3 


10 


£0 



11 
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Compound 


E 3 


11 




12 


y? 

y\ ci 


13 


"\ CH 3 


14 


H3C CH3 


i s 
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Compound 


E 3 


16 


s\ CI 


17 


\ CH 3 



Table VI: Preferred Compounds of Formula I 



cc CHa 



11 J -o-^o- R3 

H 3 C NH 2 



I Compound 


R 3 


18 




19 


* och 3 
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Compound 




20 


T 

CH 3 


21 




22 


% och 3 


23 


CF 3 


24 


^ CN 


Zj 


A. 
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Compound 


K3 


27. 




28 








29 






< OCH3 



Table VII: Preferred Compounds of Formula I 



CH 3 
CH 3 NH 2 




Compound 


E 3 


30 





15 
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Compound 


E 3 


31 


CH 3 


32 




33 


H 3 C 


34 




35 




36 


! f J^co 2 ch 3 
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vJ 1 1 1 JJ KJ IX 1 1KJ 


So 


37 




38 


CH 3 


39 




40 




1 41 




42 




43 


y 



17 
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Compound 


R 3 


44 


K ° — o 


45 


CH 3 ! 

>WCT CH3 


46 





5 Table VIII: Preferred Compounds of Formula I 




Compound 


E, 


47 


CH 3 








JrR 




CH 3 
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Compound 


E 3 


AO. 




49 


w 


50 \ 


CH 3 


51 




52 




53 


CQ 2 CH 3 



19 



BNSDOCID: <WO 0205721 SA2_I_» 



WO 02/057215 



PCT/US02/01307 



Compound 


S 3 


54 




55 




56 




57 


y H 3 C 


58 




59 


V 

I CI 


60 





20 
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C2o m no un c\ 


R 


61 




62 




63 




64 




65 




66 




67 


r O — — ^*O^CH 3 


68 
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Comoound 


R, 


69 




70 


O 1 J 

CH3 


71 




72 


v- 0 — XT 


73 




92 


JQ 
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Table IX: Preferred Compounds of Formula VI 




CH 3 HINT CH 3 



32 



Compound 


R 32 


74 




/ *j 




76 




a 


% CH 3 


78 


CH 3 
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Compound 




79 




80 




Table X: Preferred Compounds of Formula VI 


QC ~ <;> 

CI HN._ CI 

R 32 


Compound 




81 




82 


CH 3 


83 





24 
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Cornoound 


E32 


84 




CH 3 


Table XI: Preferred Compounds of Formula VI 


CH 3 HN S _ CH 3 


Compound 


En 


85 




86 




87 




O 



25 
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Compound 


R-i? 


88 




89 


S CH 3 


90 




91 


S CH 3 
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Detailed Description of the Invention 
The following terms have the following meanings unless otherwise 
indicated. Any undefined terms have their art recognized meanings. 

10 The term "alkyl" refers to a monoradical branched or unbranched 

saturated hydrocarbon chain preferably having from 1 to 40 carbon atoms, more 
preferably 1 to 10 carbon atoms, and even more preferably 1 to 6 carbon atoms. 
This term is exemplified by groups such as methyl, ethyl, /i-propyl, iso-propyl, 
-butyl, iso-butyl, w-hexyl, /i-decyl, tetradecyU and the like. 

15 The term "substituted alkyl" refers to an alkyl group as defined above 

wherein one or more carbon atoms in the alkyl chain have been replaced with a 
heteroatom such as -O, -NR- (where R is hydrogen or alkyl), or -NRR- (where 

26 
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each R is independently hydrogen or alkyl) and/or wherein the alkyl group is 
substituted with from 1 to 5 substituents selected from the group consisting of 
cycloalkyl, substituted cycloalkyl, carboxylalkyl (e.g. -C0 2 Me), 
carboxyl(substituted alkyl), cyano, halogen, hydroxyl, keto (=0), carboxyl 
5 (COOH), aryl, aryioxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, 
nitro, and -NR a R b , wherein R a and R b may be the same or different and are 
chosen from hydrogen, alkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl, 
cycloaikyl, substituted cycloalkyl, aryl, heteroaryl and heterocyclic. This term is 
exemplified by groups such as hydroxymethyl, hydroxyethyl, hydroxypropyl, 2- 

10 aminoethyl, 3-aminopropyl, 2-methylaminoethyl, 3-dimethylaminopropyl, 2- 
carboxyethyl, and the like. 

The term "alkylene 11 refers to a diradical of a branched or unbranched 
saturated hydrocarbon chain, preferably having from I to 10 carbon atoms, more 
preferably 1 to 6 carbon atoms and even more preferably 1 to 3 carbon atoms. 

15 This term is exemplified by groups such as methylene (-CH 2 -), the propylene 
isomers (e.g., -CH 2 CH 2 CH r and -CH(CH 3 )CH r ), ethylene (-CH 2 CH 2 -), 1,1- 
ethanediol (-CH(CH 3 », and the like. 

The term "substituted alkylene" refers to an alkylene group, as defined 
above, wherein the chain is interrupted with one or more non-peroxide oxy (-O-) 

20 and/or wherein the alkyl group is substituted with from 1 to 5 substituents, and 
preferably 1 to 3 substituents, selected from the group consisting of cycloalkyl, 
substituted cycloalkyl, amino, substituted amino, cyano, halogen, hydroxy, 
keto (=0), carboxyl, carboxylalkyl, carboxyl(substituted alkyl), aryl, aryioxy, 
heteroaryl, hetero aryioxy, heterocyclic, heterocyclooxy, hydroxyamino, 

25 alkoxyamino, and nitro. Additionally, such substituted alkylene groups include 
those where 2 substituents on the alkylene group are fused to form one or more 
cycloalkyl, substituted cycloalkyl, aryl, heterocyclic or heteroaryl groups fused to 
the alkylene group. Preferably such fused groups contain from 1 to 3 fused ring 
structures. 
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The term "alkoxy" refers to the groups alkyl-O s where alkyl is as defined 
herein. Preferred alkoxy groups include, by way of example, methoxy, ethoxy, 
— propoxy, wc>-propoxy, w-butoxy, rert-butoxy, seobutoxy, ra-pentoxy, /i-hexoxy, 
1,2-dimethylbutoxy, and the like. 
5 The term "substituted alkoxy" refers to the group (substituted alkyl)-0, 

where substituted alkyl is as defined herein. 

The term "aryl" refers to a monovalent unsaturated aromatic carbocyclic 
group which may be monocyclic or multicyclic (i.e., fused). Such aryl groups 
preferably contain from 6 to 20 carbon atoms; more preferably, from 6 to 10 
10 carbon atoms. This term also includes aryl groups fused to a cycloalkyl, 
heteroaryl, or heterocyclyl group in which the point of attachment is on the 
aromatic (aryl) portion of the group. Representative aryl groups include, by way 
of example, phenyl, napthyl, azulenyl, indan-5-yl, l,2,3,4-tetrahydronaphth-6-yl, 
2 > 3-dihydrobenzofuran-5-yI and the like. Preferred aryl substituents R g include 
15 alkyl, methanedioU ethanediol, alkoxy, halo, cyano, nitro, and trihalomethyl. 

The term "aryloxy" refers to the group aryl-O- wherein the aryl group is 
as defined above including optionally substituted aryl groups as also defined 
above. 

The term "amino" refers to the group -NH 2 - 
20 The tenn "substituted amino" refers to the group -NRR where each R is 

independently selected from the group consisting of hydrogen, alkyl, substituted 
alkyl, cycloalkyl, substituted cycloalkyl, aryl, heteroaryl, and heterocyclic 
provided that both R's are not hydrogen. 

The term "hydroxamino" refers to the group -NR c R d , wherein R c is 
25 hydroxy and each R d is independently hydrogen or alkyL 

The term "alkoxamino" refers to the group -NR e R r , wherein R c is alkoxy 
and R f is hydrogen or alkyl. 

The term "cycloalkyl" refers to alkyl groups of from 3 to 20 carbon atoms 
comprising a single carbocyclic ring or multiple condensed carbocyclic rings. 
30 Such cycloalkyl groups include, by way of example, single ring structures such 
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as cyclopropyl, methylcyclopropyl, cyclobutyl, cyclopentyl, dimethylcyclopentyl, 
cyclohexyl, cyclooctyl, and the like, or multiple ring structures such as 
adamantanyl, and the like. 

The term "substituted cycloalkyr refers to cycloalkyl groups having from 
5 1 to 5 substituents, and preferably 1 to 3 substituents, selected from the group 
consisting of alky I, alkoxy, substituted alkoxy, cycloalkoxy, substituted 
cycloalkoxy, cycloalkyl, amino, substituted amino, cyano, halogen, hydroxy, 
keto, carboxy, carboxylalkyl (e.g. -C0 2 Me), carboxyl(substituted alkyl), aryl, 
aryloxy, heteroaryl, heteroaryloxy, heterocyclic, hydroxyamino, and nitro. 

10 The term "cycloalkoxy" refers to the group cycloalkyl-O, where 

cycloalkyl is as defined herein. Preferred cycloalkoxy groups include, by way of 
example, cyclopentyloxy and cyclohexyloxy, and the like. 

The term "substituted cycloalkoxy" refers to the group (substituted 
cycloalkyl)-0-, where substituted cycloalkyl is as defined herein, 

15 The term "halo" refers to fluoro, chloro, bromo and iodo. 

The term "trihalomethyl" includes trifluoromethyl and trichloromethyl. 
The term "heteroaryl" refers to a monovalent aromatic group which 
contains at least one heteroatom, preferably 1 to 4 heteroatoms, selected from N, 
S and O within at least one aromatic ring and which may be monocyclic or 

20 multicyclic (i.e., fused). Such heteroaryl groups preferably contain from 5 to 20 
atoms; more preferably, from 5 to 10 atoms. This term also include such a 
heteroaryl group fused to a cycloalkyl, aryl, or heterocyclyl group, provided the 
point of attachment is on a heteroatom-containing aromatic ring. Representative 
heteroaryl groups include, by way of example, pyrroyl, isoxazolyl, isothiazolyl, 

25 pyrazolyl, pyridyl, oxazolyl, oxadiazolyl, thiadiazolyl, thiazotyl, imidazolyl, 

triazolyl, tetrazolyl, furanyl, triazinyl, thienyl, pyrimidyl, pyridazinyl, pyrazinyl, 
benzoxazolyl, benzothiazolyl, benzimidazolyl, benzofuranyl, benzothiophenyl, 
quinolyl, indolyl, isoquinolyl and the like. Preferred heteroaryl substituents R h 
include alkyl, alkoxy, halo, cyano, nitro, and trihalomethyl. 
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The term "heterocycle" refers to a monovalent saturated or partially 
unsaturated cyclic non-aromatic group which contains at least one heteroatom, 
preferably 1 to 4 heteroatoms, selected from nitrogen (NR^, wherein R^ is 
hydrogen, alkyl, or a direct bond at the point of attachment of the heterocycle 
5 group), sulfur, phosphorus, and oxygen within at least one cyclic ring and which 
may be monocyclic or multicyclic. Such heterocycle groups preferably contain 
from 3 to 20 atoms; more preferably, from 3 to 10 atoms. The point of 
attachment of the heterocycle group may be a carbon or nitrogen atom. This 
term also includes heterocycle groups fused to an aryl or heteroaryl group, 

1 0 provided the point of attachment is on a non-aromatic heteroatom-containing 
ring. Representative heterocycle groups include, by way of example, 
pyrrolidinyl, piperidinyl, piperazinyl, imidazolidinyl, morpholinyl, indolin-3-yl, 
2-imidazolinyl, l,2,3,4-tetrahydroisoquinolin-2-yl, quinuclidinyl and the like. 
Unless otherwise constrained by the definition for heterocycle, such heterocycle 

15 groups can be optionally substituted with 1 to 5, and preferably 1 to 3 

substituents, selected from the group consisting of alkyl, alkoxy, substituted 
alkoxy, cycloalkoxy, substituted cycloalkoxy, cycloatkyl, substituted cycloalkyl, 
amino, substituted amino, cyano, halogen, hydroxyl, keto, carboxyl, 
carboxylalkyl (e.g. -C0 2 Me), carboxyl(substituted alkyl), aryl, aryloxy, 

20 heteroaryl, hydroxyamino, and nitro. Such heterocyclic groups can have a single 
ring or multiple condensed rings. Preferred heterocyclics include morpholino, 
piperidinyl, and the like. 

The term "heteroarylalkyl" refers to an alkyl group as defined herein, 
which is substituted with from 1 to 5 (preferably 1) heteroaryl groups. Such 

25 groups are exemplified by pyridylmethyl, pyridylethyl, indolylmethyl, and the 
like. 

The term "arylalkyl" refers to an alkyl group as defined herein, which is 
substituted with from 1 to 5 (preferably 1) aryl groups. Such groups are 
exemplified by benzyl, phenethyl, and 3-phenylpropyl. 
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The term "heterocyclealkyl" refers to an alkyl group as defined herein, 
which is substituted with from 1 to 5 (preferably 1) heterocycle groups. Such 
groups are exemplified by piperidinomethyl, morpholinomethyl, 
morpholinoethyl, piperidinomethyl, 4-morpholinylmethyl, and 2-(4- 
5 morpholinyl)ethyl, and the like. 

Examples of nitrogen heteroaryls and heterocycles include, but are not 
limited to, pyrrole, thiophene, furan, imidazole, pyrazole, pyridine, pyrazine, 
pyrimidine, pyridazine, indolizine, isoindole, indole, indazole, purine, 
quinolizine, isoquinoline, quinoline, phthalazine, naphthylpyridine, quinoxaline, 

10 quinazoline, cinnoline, pteridine, carbazole, carboline, phenanthridine, acridine, 
phenanthroline, isothiazole, phenazine, isoxazole, phenoxazine, phenothiazine, 
imidazolidine, imidazoline, pyrrolidine, piperidine, piperazine, indoline, 
morpholine, tetrahydrofuranyl, tetrahydrothiophene, and the like as well as N- 
alkoxy-nitrogen containing heterocycles. 

15 The term M N-linked heteroaryl" refers to a heteroaryl, as defined herein, 

which is linked to the remaining portion of the molecule through a nitrogen atom 
of an aromatic ring. 

The term rt N-linked heterocycle'* refers to a heterocycle, as defined herein, 
which is linked to the remaining portion of the molecule through a nitrogen atom 

20 of a non-aromatic heteroatom-containing ring. 

As to any group defined herein which contains one or more substituents, 
it is understood, of course, that such groups do not contain any substitution or 
substitution patterns which are sterically impractical, synthetically non-feasible 
and/or sufficiently liable to have no utility. In addition, the compounds of this 

25 invention include all stereochemical isomers arising from the substitution of 
these compounds. 

Unless specified otherwise, all ranges referred to herein include the stated 
end-point values. 

The term "therapeutically effective amount" refers to an amount 
30 sufficient to effect treatment when administered to a patient in need of treatment. 
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The term "treatment" as used herein refers to the treatment of a disease or 
medical condition in a patient, such as a mammal (particularly a human) which 
includes: 

(a) preventing the disease or medical condition from occurring > i.e., 
5 prophylactic treatment of a patient; 

(b) ameliorating the disease or medical condition, i.e., eliminating or 
causing regression of the disease or medical condition in a 
patient; 

(c) suppressing the disease or medical condition, i.e., slowing or 

10 arresting the development of the disease or medical condition in a 

patient; or 

(d) alleviating the symptoms of the disease or medical condition in a 
patient. 

The phrase "disease or condition associated with sodium channel 
1 5 activity" includes all disease states and/or conditions that are acknowledged now, 
or that are found in the future, to be associated with the activity of sodium 
channels. Such disease states include, but are not limited to, pathophysiological 
disorders, including hypertension, cardiac arrhythmogenesis, insulin-dependent 
diabetes, non-insulin dependent diabetes mellitus, diabetic neuropathy, seizures, 
20 tachycardia, ischemic heart disease, cardiac failure, angina, myocardial 

infarction, transplant rejection, autoimmune disease, sickle cell anemia, muscular 
dystrophy, gastrointestinal disease, mental disorder, sleep disorder, anxiety 
disorder, eating disorder, neurosis, alcoholism, inflammation, cerebrovascular 
ischemia, CNS diseases, epilepsy, Parkinson's disease, asthma, incontinence, 
25 urinary dysfunction, micturition disorder, irritable bowel syndrome, restenosis, 
subarachnoid hemorrhage, Alzheimer disease, drug dependence/addiction, 
schizophrenia, Huntington's chorea, tension-type headache, trigeminal neuralgia, 
cluster headache, migraine (acute and prophylaxis), inflammatory pain, 
neuropathic pain and depression. 
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"Pharmaceutically acceptable salt" means those salts which retain the 
biological effectiveness and properties of the parent compounds and which are 
not biologically or otherwise harmful as the dosage administered. The 
compounds of this invention are capable of forming both acid and base salts by 
5 virtue of the presence of amino and carboxy groups respectively. 

Pharmaceutical ly acceptable base addition salts may be prepared from 
inorganic and organic bases, Salts derived from inorganic bases include, but are 
not limited to, the sodium, potassium, lithium, ammonium, calcium, and 
magnesium salts. Salts derived from organic bases include, but are not limited 

10 to, salts of primary, secondary and tertiary amines, substituted amines including 
naturally-occurring substituted amines, and cyclic amines, including 
isopropylamine, trimethyl amine, diethylamine, triethylamine, tripropylamine* 
ethanolamine, 2-dimethylaminoethanol, tromethamine, lysine, arginine, 
histidine, caffeine, procaine, hydrabamine, choline, betaine, ethylenediamine, 

15 glucosamine, N-alkylglucamines, theobromine, purines, piperazine, piperidine, 
and N-ethylpiperidine. It should also be understood that other carboxylic acid 
derivatives would be useful in the practice of this invention, for example 
carboxylic acid amides, including carboxamides, lower alkyl carboxamides, 
di(lower alkyl) carboxamides, and the like. 

20 Pharmaceutical^ acceptable acid addition salts may be prepared from 

inorganic and organic acids. Salts derived from inorganic acids include 
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid 
and the like. Salts derived from organic acids include acetic acid, propionic acid, 
glycolic acid, pyruvic acid, oxalic acid, malic acid, malonic acid, succinic acid, 

25 maleic acid, fumaric acid, tartaric acid, citric acid* benzoic acid, cinnamic acid* 
mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, 
salicylic acid and the like. 

The compounds of the invention may contain one or more chiral centers. 
Accordingly, the invention includes racemic mixtures, diasteromers, enantiomers 

30 and mixture enriched in one or more steroisomer. The scope of the invention as 
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described and claimed encompasses the racemic forms of the compounds as well 
as the individual enantiomers and non-racemic mixtures thereof 

Specific and preferred values listed below for radicals, substituents, and 
ranges, are for illustration only; they do not exclude other defined values or other 
5 values within defined ranges for the radicals and substituents. 

Specifically, Rj can be aryl optionally substituted with one or more halo 
or alkyl. 

Specifically, R } can be phenyl optionally substituted with about 1 to 
about 3 halo and/or alkyL 
10 Specifically, halo can be fluoro or chloro. 

Specifically, alkyl can be methyL 
Specifically, aryl can be phenyl. 

Specifically, R, is 2-methylphenyI, 2-chloro-6-methylphenyl, 2,4,6- 
trifluorophenyl, 2,6-dimethylphenyl, or 2,4-dimethylphenyl. 
15 Specifically, A,-A 13 and A 20 can be alkylene or substituted alkylene 

having from about 1 to about 6 carbon atoms. 

Specifically, A r A, 3 and A 20 can be alkylene or substituted alkylene 
having from about 1 to about 3 carbon atoms, 

Specifically, A l can be methylene or 1,1-ethanediyL 
20 Specifically, A 2 can be methylene. 

Specifically, R 7 can be hydrogen. 
Specifically, R 7 can be methyl. 
Specifically, R 8 can be amino. 
Specifically, n can be 0, 
25 Specifically, R l0 can be hydrogen. 

Specifically, R n can be hydrogen. 

Specifically, R n can be heterocyclealkyl, heteroarylalkyl, or alkyl. 
Specifically, R n is 2-morpholinoethyU 2-(pyrro!idin-J-yl)ethyl, 4- 
piperidinylmethyl, 3-(N,N-djmethylamino)propyl, 2-(l -methyl-pyrrol idin-2- 
30 yl)ethyl, 2-(4-pyridyl)ethyl, or 3-(pyrrolidin-l-yl)propyl. 
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Specifically, R 2 can be a group of the formula: 




A specific group of compounds are compounds of formula (I) wherein X 
is a direct bond and R 3 is 3,5-dimethylpyrazol-l-yl* 2-phenyIimidazol-l-yl, 2- 
ethylimidazol-l-yl, 1-benzimidazolyl, 4-(methoxycarbonyl)imidazol-l-yl, 4- 
methyl-2-ethylimidazol-l-yl, or 4-phenyM-imidazol-l-yL 
10 A specific group of compounds are compounds of formula (I) wherein X 

is oxygen and R 3 is 3,5-dichlorophenyl, 2-thien-2-ylethyl, 4-methylbenzyl, 4- 
methoxyphenethyl, 4-methylphenethyl, 3-(benzyloxy)propyl, 2-[3-(6- 
methyIpyrid-2-yl)propyloxy]ethyl, 2-(ethoxy)ethyl, 3-(ethoxy)propyl, benzyl, 
cyclopropylmethyl, 4-(butoxy)benzyl, 2-(cycIohexyloxy)ethyI, pentyl, 3- 
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phenylpropyl, 2-[2-(ethoxy)ethoxy]ethyl, 2-phenylbenzyl, 3-(N f N- 
dimethyl)propyl, 3-(ethoxy)propyl, tert-bxxtyl 2-(phenoxy)ethyt, 2-(pyrid~4- 
yl)ethyl, 2-methylphenyl, 2-chIoro-6-methyIphenyl, 2,4,6-trimethylphenyl, 2,6- 
dimethylphenyl, 2,4-dimethylphenyl, 3,4-methylenedioxy)benzyl, 3~(pyrid-3- 
5 yl)propyl, or 4-(N, JV-dimethyI)phenethyL 

A specific group of compounds are compounds of formula (I) wherein A! 
is methylene or 1,1-ethanediyl, and A 2 is methylene. 

A specific group of compounds are compounds of formula (I) wherein R 8 
is NR I0 R 1( ; and R n is heterocyclealkyl, heteroarylalkyl, or alkyl. 
10 A specific group of compounds are compounds of formula (I) wherein R s 

is NR 10 R n ; R 10 is hydrogen; and R n is 2-morpholinoethyl, 2-(pyrrolidin-l- 
yl)ethyl, 4-piperidinylmethyl, 3-(MA r *dimethyIamino)propyl, 2-(l -methyl- 
pyrrolidin-2-yl)ethyl, 2-(4-pyridyl)ethyl, or 3-(pyrrolidin-l-yl)propyl. 

Specifically, A 6 can be methylene or 1,1-ethanediyl. 
15 Specifically, A 7 can be methylene. 

Specifically, each R 20 can independently be alkyl, substituted alkyl, 
alkoxy, substituted alkoxy, cyano, trifluoromethyl, halo, or NR 4 R 5 . 

Specifically, R 2I can be hydrogen or methyl. 

Specifically* each R 22 can independently be alkyl, substituted alkyl* 
20 alkoxy, substituted alkoxy, cyano, trifluoromethyl, halo* or NR 4 R 5 . 

A specific group of compounds are compounds of formula (IE) wherein 
A 6 is methylene or 1,1-ethanediyl and A 7 is methylene. 

Specifically, A g can be methylene. 

Specifically, A^ can be methylene. 
25 Specifically, each R 23 can independently be alkyl, substituted alkyl, 

alkoxy, substituted alkoxy, cyano, trifluoromethyl, halo, or NR 4 R 5 . 

Specifically, R 24 can be hydrogen or methyl. 

Specifically, R 25 is 2-morpholinoethyl, 2-(pyrrolidin-l-yl)ethyl s 4- 
piperidinylmethyl, 3-(A/;A^dimethylamino)propyl, 2-(l -methyl-pyrrolidin-2- 
30 yl)ethyl, 2-(4-pyridyl)ethyl s 3-(pyrxolidin-l-yl)propyl, 2-[2-(ethoxy)ethoxy]ethyl, 
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3-(ethoxy)propyl, benzyl, cyclopropylmethyl, 2-(l-methylpyrrolidin-2-yl)ethyl, 
2-(pyrid-4-yl)ethyl, pentyl, 3-phenyipropyl, 3,4-(methylenedioxy)benzyi, 3- 
(pyrid-3-yl)propyl, 4-(AW-dimethyl)phenethyl, 4-(butoxy)benzyl, 2- 
(cyclohexyloxy)ethyl, 3,5-dichlorophenyl, 2-(thien-2-y!)ethyl, 4-rnethylbenzyl, 2- 
5 phenylbenzyl, S^A^jV-diniethyOpropyl, tert-butyl, 2-(phenoxy)ethyl, 2-[3-(6- 
methylpyrid-2-yl)propyloxy]ethyl, 2-(ethoxy)ethyl, 4-methoxyphenethyl, 4- 
methylphenethyl, 
or 3-(benzyloxy)propyl, 

A specific group of compounds are compounds of formula (IV) wherein 
10 A 8 is methylene and A^ is methylene. 

Specifically, A I0 can be methylene. 

Specifically, A n can be methylene. 

Specifically, each R 26 can independently be alkyl, substituted alkyl, 
alkoxy* substituted alkoxy, cyano, trifluoromethyl, halo, or NR 4 R 5 . 
1 5 Specifically, R 27 can be hydrogen or methyh 

Specifically, R 2S can be 3,5-dimethylpyrazoM-yl, 2-phenylimidazol-l-yl, 
2-ethylimidazol-l-yl, l-benzimidazolyl, 4-(methoxycarbonyi)iniidazoM~yl, 4- 
methyl-2-ethylimidazol-l-yl, or 4-phenylimidazoM-yL 

A specific group of compounds are compounds of formula (V) wherein 
20 A l0 is methylene and A n is methylene. 

Specifically, A i2 can be methylene or 1,1-ethanediyl. 

Speci fically, A 1 3 can be methylene. 

Specifically, each R 29 can independently be alkyl, substituted alkyl, 
alkoxy, substituted alkoxy, cyano, trifluoromethyl, halo, or NR 4 R 5 . 
25 Specifically, each R 30 can independently be alkyl, substituted alkyl, 

alkoxy, substituted alkoxy, cyano, trifluoromethyl, halo, or NR 4 R 5 . 
Speci ficaJly, R 33 can be hydrogen or methyl. 
Specifically, R 32 is 2-morpholinoethyl, 2-(pyrrolidin-l-yl)ethyl, 4- 
piperidinylmethyl, 3*(A r ,A r -dimethylamino)propyl, 2-(l-methylpyrrolidin-2~ 
30 yl)ethyl, 2-(4-pyridyl)ethyl, or 3-(pyrroIidin-l-yl)propyl. 
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A specific group of compounds are compounds of formula (VI) wherein 
A, 2 is methylene or 1,1-ethanediyl, and A l3 is methylene. 

General Synthetic Procedures 
5 Generally, the compounds of the invention can be prepared using 

procedures that are known in the field of synthetic chemistry. Additionally, the 
Examples below describe the preparation of representative compounds of the 
invention. It will be appreciated that where typical or preferred process 
conditions (i.e., reaction temperatures, times, mole ratios of reactants, solvents, 

10 pressures, etc.) are given, other process conditions can also be used unless 
otherwise stated. Optimum reaction conditions may vary with the particular 
reactants or solvent used, but such conditions can be determined by one skilled 
in the art by routine optimization procedures. 

Additionally, as will be apparent to those skilled in the art, conventional 

15 protecting groups may be necessary to prevent certain functional groups from 
undergoing undesired reactions. The choice of a suitable protecting group for a 
particular functional group, as well as suitable conditions for protection and 
deprotection, are well known in the art. For example, numerous protecting 
groups, and their introduction and removal, are described in T. W. Greene and G. 

20 M. Wuts, Protecting Groups in Organic Synthesis, Third Edition, Wi1ey\ New 
York, 1999, and references cited therein. 

Processes for preparing compounds of formulas I and IH-VI are provided 
as further embodiments of the invention and are illustrated in the examples and 
schemes. 

25 

Pharmaceutical Compositions 

The invention also provides pharmaceutical compositions comprising a 
compound of the invention. Accordingly, the compound, preferably in the form 
of a pharmaceutical ly acceptable salt, can be formulated for oral or parenteral 
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administration for the therapeutic or prophylactic treatment of diseases or 
conditions associated with sodium channel activity. 

By way of illustration, the compound can be admixed with conventional 
pharmaceutical carriers and excipients and used in the form of tablets, capsules, 
5 elixirs, suspensions, syrups, wafers, and the like. Such pharmaceutical 

compositions will contain from about 0.1 to about 90% by weight of the active 
compound, and more generally from about 10 to about 30%. The 
pharmaceutical compositions may contain common carriers and excipients, such 
as com starch or gelatin, lactose, sucrose, microcrystalline cellulose, kaolin, 

10 mannitol, dicalcium phosphate, sodium chloride, and alginic acid. Disintegrators 
commonly used in the formulations of this invention include croscarmellose, 
microcrystalline cellulose, corn starch, sodium starch glycolate and alginic acid. 

A liquid composition will generally consist of a suspension or solution of 
the compound or pharmaceutically acceptable salt in a suitable liquid carrier(s), 

15 for example ethanol, glycerine, sorbitol, non-aqueous solvent such as 
polyethylene glycol, oils or water, optionally with a suspending agent, a 
solubilizing agent (such as a cyclodextrin), preservative, surfactant, wetting 
agent, flavoring or coloring agent. Alternatively, a liquid formulation can be 
prepared from a reconstitutable powder. 

20 For example a powder containing active compound, suspending agent, 

sucrose and a sweetener can be reconstituted with water to form a suspension; 
and a syrup can be prepared from a powder containing active ingredient, sucrose 
and a sweetener. 

A composition in the form of a tablet can be prepared using any suitable 
25 pharmaceutical carrier(s) routinely used for preparing solid compositions. 

Examples of such carriers include magnesium stearate, starch, lactose, sucrose, 
microcrystalline cellulose and binders, for example polyvinylpyrrolidone. The 
tablet can also be provided with a color film coating, or color included as part of 
the carrier(s). In addition, active compound can be formulated in a controlled 
30 release dosage form as a tablet comprising a hydrophilic or hydrophobic matrix. 
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A composition in the form of a capsule can be prepared using routine 
encapsulation procedures, for example by incorporation of active compound and 
excipients into a hard gelatin capsule* Alternatively, a semi-solid matrix of 
active compound and high molecular weight polyethylene glycol can be prepared 
5 and filled into a hard gelatin capsule; or a solution of active compound in 

polyethylene glycol or a suspension in edible oil, for example liquid paraffin or 
fractionated coconut oil can be prepared and filled into a soft gelatin capsule. 

Tablet binders that can be included are acacia, methylcellulose, sodium 
carboxymethylcellulose, polyvinylpyrrolidone (Povidone), hydroxypropyl 
10 methylcellulose, sucrose, starch and ethylcellulose. Lubricants that can be used 
include magnesium stearate or other metallic stearates, stearic acid, silicone 
fluid, talc, waxes, oils and colloidal silica. 

Flavoring agents such as peppermint, oil of wintergreen, cherry flavoring 
or the like can also be used. Additionally, it may be desirable to add a coloring 
1 5 agent to make the dosage form more attractive in appearance or to help identify 
the product. 

The compounds of the invention and their pharmaceutical^ acceptable 
salts that are active when given parenterally can be formulated for intramuscular, 
intrathecal, or intravenous administration. 

20 A typical composition for intra-muscular or intrathecal administration 

will consist of a suspension or solution of active ingredient in an oil, for example 
arachis oil or sesame oil. A typical composition for intravenous or intrathecal 
administration will consist of a sterile isotonic aqueous solution containing, for 
example active ingredient and dextrose or sodium chloride, or a mixture of 

25 dextrose and sodium chloride. Other examples are lactated Ringers injection, 
lactated Ringer's plus dextrose injection, Normosol-M and dextrose, Isolyte E, 
acylated Ringer's injection, and the like. Optionally, a co-solvent, for example, 
polyethylene glycol; a chelating agent, for example, ethylenediamine tetracetic 
acid; a solubilizing agent, for example, a cyclodextrin; and an anti-oxidant, for 

30 example, sodium metabisulphite, may be included in the formulation. 
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Alternatively, the solution can be freeze dried and then reconstituted with a 
suitable solvent just prior to administration* 

The compounds of the invention and their pharmaceutically acceptable 
salts which are active on rectal administration can be formulated as 
5 suppositories. A typical suppository formulation will generally consist of active 
ingredient with a binding and/or lubricating agent such as a gelatin or cocoa 
butter or other low melting vegetable or synthetic wax or fat* 

The compounds of this invention and their pharmaceutically acceptable 
salts which are active on topical administration can be formulated as transdermal 

10 compositions or transdermal delivery devices ("patches"). Such compositions 
include, for example, a backing, active compound reservoir, a control membrane, 
liner and contact adhesive. Such transdermal patches may be used to provide 
continuous or discontinuous infusion of the compounds of the present invention 
in controlled amounts. The construction and use of transdermal patches for the 

15 delivery of pharmaceutical agents is well known in the art. See, e.g., U.S. Patent 
5,023,252, issued June 1 1, 1 99 L Such patches may be constructed for 
continuous, pulsatile, or on demand delivery of pharmaceutical agents. 

The active compound is effective over a wide dosage range and is 
generally administered in a therapeutically effective amount It, will be 

20 understood, however, that the amount of the compound actually administered 
will be determined by a physician, in the light of the relevant circumstances, 
including the condition to be treated, the chosen route of administration, the 
actual compound administered and its relative activity, the age, weight, and 
response of the individual patient, the severity of the patient's symptoms, and the 

25 like. 

Suitable doses are in the general range of from 0.01-100 mg/kg/day, 
preferably 0.1-50 rng/kg/day. For an average 70 kg human, this would amount to 
0.7 mg to 7 g per day, or preferably 7 mg to 3.5 g per day. 

In general, an effective amount of a compound of this invention is a dose 
30 between about 0.5 and about 100 mg/kg. A preferred dose is from about 1 to 
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about 60 mg/kg of active compound. A typical daily dose for an adult human is 
from about 50 mg to about 5 g. 

According to the invention, a compound can be administered in a single 
daily dose or in multiple doses per day. The treatment regimen may require 
5 administration over extended periods of time, for example, for several days, for 
from one to six weeks, or longer 

Suitable formulations for use in the present invention can be found in 
Remington's Pharmaceutical Sciences, Mace Publishing Company, Philadelphia, 
PA, 1 7th ed, (1985). The following non-limiting examples illustrate 
10 representative pharmaceutical compositions of the invention. 

Formulation Example A 
This example illustrates the preparation of a representative 
pharmaceutical composition for oral administration of a compound of this 
1 5 invention: 

Ingredients Quantity per tablet, (mg) 



Active Compound 200 
20 Lactose, spray-dried 148 

Magnesium stearate 2 



The above ingredients are mixed and introduced into a hard-shell gelatin capsule. 

25 Formulation Example B 

This example illustrates the preparation of another representative 
pharmaceutical composition for oral administration of a compound of this 
invention: 
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Ouantitv ner tablet fmffl 




Active Compound 


400 




Cornstarch 


50 


5 


Lactose 


145 




Magnesium stearate 


5 



The above ingredients are mixed intimately and pressed into single scored 
tablets. 

10 

Formulation Example C 
This example illustrates the preparation of a representative 
pharmaceutical composition for oral administration of a compound of this 
invention. 

15 An oral suspension is prepared having the following composition. 

Ingredients 



Active Compound 1 ,0 g 

20 Fumaric acid 0.5 g 

Sodium chloride 2.0 g 

Methyl paraben 0.1 g 

Granulated sugar 25.5 g 

Sorbitol (70% solution) 12.85 g 

25 Veegum K (Vanderbilt Co.) 1 .0 g 

Flavoring 0,035 ml 

Colorings 0.5 mg 

Distilled water q.s. to 100 mL 



30 
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Formulation Example P 
This example illustrates the preparation of a representative 
pharmaceutical composition containing a compound of this invention. 

An injectable preparation buffered to a pH of 4 is prepared having the 
5 following composition: 

Ingredients 



Active Compound 0.2 g 

1 0 Sodium Acetate Buffer Solution (0.4 M) 2.0 mL 

HCl (IN) q.s. to pH 4 

Water (distilled, sterile) q.s, to 20 mL 



15 Formulation Example E 

This example illustrates the preparation of a representative 
pharmaceutical composition for injection of a compound of this invention. 

A reconstituted solution is prepared by adding 20 mL of sterile water to 1 
g of the compound of this invention. Before use, the solution is then diluted with 

20 200 mL of an intravenous fluid that is compatible with the active compound. 
Such fluids are chosen from 5% dextrose solution, 0.9% sodium chloride, or a 
mixture of 5% dextrose and 0,9% sodium chloride. Other examples are lactated 
Ringer's injection, lactated Ringer's plus 5% dextrose injection, Normosol-M and 
5% dextrose, Isolyte E, and acylated Ringer's injection 



25 



Formulation Example F 
This example illustrates the preparation of a representative 
pharmaceutical composition containing a compound of this invention. 

An injectable preparation is prepared having the following composition: 



30 
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Ingredients 



Active Compound 0.1-5,0 g 

Hydroxypropyl-p-cyclodextrin 1-25 g 

5% Aqueous Dextrose Solution (sterile) q.s. to 100 mL 



The above ingredients are blended and the pH is adjusted to 3.5 ± 0.5 using 
0.5 N HCt or 0.5 N NaOH. 

10 Formulation Example G 

This example illustrates the preparation of a representative 
pharmaceutical composition for topical application of a compound of this 
invention. 

15 Ingredients grams 

Active compound 0.2- 1 0 

Span 60 2 

Tween 60 2 

20 Mineral oil 5 

Petrolatum 10 

Methyl paraben 0. 1 5 

Propyl paraben 0.05 

BHA (butylated hydroxy anisole) 0.01 

25 Water q.s. to 100 

All of the above ingredients, except water, are combined and heated to 60°C 
with stirring. A sufficient quantity of water at 60°C is then added with vigorous 
stirring to emulsify the ingredients, and water then added q.s. 100 g. 

30 
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Formulation Example H 
This example illustrates the preparation of a representative 
pharmaceutical composition containing a compound of this invention. 

A suppository totaling 2.5 grams is prepared having the following 
5 composition: 



Ingredients 



Active Compound 500 mg 

1 0 Witepsol H-l 5* balance 



("triglycerides of saturated vegetable fatty acid; a product of Riches- 
Nelson, Inc., New York, N.Y.) 



15 Utility 

The compounds of this invention, and their pharmaceutically acceptable 
salts, exhibit biological activity and are useful for medical treatment. The ability 
of a compound to block sodium channel activity or to treat neuropathic pain can 
be demonstrated using the tests described herein, or can be demonstrated using 
20 tests that are known in the art. 

The following synthetic and biological examples are offered to illustrate 
the invention, and are not to be construed in any way as limiting the scope of the 
invention. 



25 Examples 

In the examples below, the following abbreviations have the following 
meanings. Any abbreviations not defined have their generally accepted meaning. 
Unless otherwise stated, all temperatures are in degrees Celsius. 
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BOC> Boc = tert-butoxycarbonyl 

DMSO = dimethyl sulfoxide 

TFA = trifluoroacetic acid 

THF - tetrahydrofuran 

5 MgS0 4 = anhydrous magnesium sulfate 



General: Starting material (including alcohols, phenols, di-ols, amines, 
and etc*) and solvents were purchased from commercial suppliers (Aldrich, 
Fluka, Sigma, and etc.), and used without further purification. Reactions were 

10 run under nitrogen atmosphere, unless noted otherwise. Progress of reaction 
mixtures was monitored by thin layer chromatography (TLC), analytical high 
performance liquid chromatography (anah HPLC), and mass spectrometry, the 
details of which are given below and separately in specific examples of 
reactions. Reaction mixtures were worked up as described specifically in each 

1 5 reaction; commonly it was purified by flash column chromatography with silica 
geL Other purification methods include temperature-, and solvent-dependent 
crystallization, and precipitation. In addition, reaction mixtures were routinely 
purified by preparative HPLC: a general protocol is described below. 
Characterization of reaction products was routinely carried out by mass and ! H- 

20 NMR spectrometry. For NMR, samples were dissolved in deuterated solvent 
(CD 3 OD, CDC1 3 , or DMSO-d 6 ), and *H-NMR spectra were acquired with a 
Varian Gemini 2000 instrument (300 MHZ) under standard observe parameters. 
Mass spectrometric identification of compounds was performed by an 
electrospray ionization method (ESMS) with a Perkin Elmer instrument (PE 

25 SCIEX API 150 EX). 

Analytical HPLC; Each crude compound was dissolved in 50% 
MeCN/H 2 0 (with 0.1% TFA) at 0.5-1.0 mg/mL concentration, and was analyzed 
by using anal. HPLC: 1) reverse-phased anaL column, Bonus-RP (2 J x 50 mm; 
ID = 5 mm); 2) flow rate: 0.5 mL/min; 3) 10% MeCN/H 2 0 (0.1% TFA) (0 - 
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0.5 min), 10 to 70% (linear gradient; 0.5 - 5 min); 4) detection: 214, 254, and 
280 nm. Other conditions used are indicated whenever necessary, 

A general protocol for preparative HPLC purification: Crude 
compounds were dissolved in 50% MeCN/H 2 0 (with 0.1% TFA) at 30- 
5 45 mg/mL concentration, filtered, and injected into a reversed column. The 
following represents a typical method selected from various purification 
conditions: 1) column; YMC Pack-Pro CI 8 (50a x 20 mm; tD = 5 mm); 2) linear 
gradient: 10 to 60 % MeCN (0.1% TFA)/H 2 0 (0.1% TFA) over 30 min; 3) flow 
rate: 40 mL/min; 4) detection: 214, 254, or 280 nm. 
10 The preparation of compound (1) is illustrated in Scheme 1 . 

Scheme 1 




Example 1 

1 5 Preparation of Compound (1 ) 

To a cold suspension of NaH (60% oily dispersion; 0.943 g, -24 mmol) 
in anhydrous THF (200 raL) in ice bath was added 2-amino-2-methyl-t,3- 
propanediol (0.991 g, 9.4 mmol) under stream of nitrogen gas. The mixture was 
stirred for 30 min at the same temperature prior to addition of 2-fluorotoluene- 

20 chromium tricarbonyl complex ((A); 5.8 g, 23,6 mmol). The final mixture was 
stirred in ice bath for 3 h, and at rt for 48 h. The reaction mixture was quenched 
by cooling in ice bath, and followed by slow addition of iodine (23 g, 90.6 
mmol) over 5 min while stirring the mixture. After the addition, the mixture was 
stirred for 1 h in ice bath, and treated carefully with water (10 mL) under 

25 nitrogen gas. It was then concentrated in vacuo, to afford dark brown residue, 
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and partitioned between EtOAc (400 mL) and brine solution (200 mL), The 
organic phase was collected, and washed with 5% Na 2 S 2 0 3 (200 mL), After 
drying over MgS0 4 , the organic solution was concentrated in vacuo, yielding 
pale yellow oil It was dissolved in -16 mL of aqueous acetonitrile (60%) 
5 containing 5% TFA, filtered through a membrane filter, and purified by 
preparative reverse-phase HPLC as described above* The desired product 
(Compound (1)) was obtained after HPLC purification as TFA salt as thick oil 
(2.3 g; 61%). It was solidified slowly to pale yellow solid. Retention time (anaL 
HPLC: 10-70% MeCN/H 2 0 over 5 min) - 3.6 min. ESMS (C 18 H 23 N0 2 ): calcd. 

10 285,4; obsd. 286.1 [M+H] + . 

Compound (A): (See Fig. 1) was synthesized according to literature 
procedures (F. Rose-Munch, E. Rose, A. Semra, L, Mignon, J, Garcia-Oricain, 
E. C. Knobler, J. Organometallic Chem> 1989, 363, 297-309). To a round- 
bottomed flask (250 mL) equipped with a reflux condenser was added «Bu 2 0 

15 (100 mL), tetrahydrofuran (30 mL), 2-fluorotoluene (12.3 g, 112 mmol), and 
chromium hexacarbonyl (10 g, 45*4 mmol), The suspension was saturated with 
nitrogen gas, and then stirred under nitrogen atmosphere while increasing the 
temperature of the reaction mixture gradually to 125°C over 20 min. It was 
refluxed at the same temperature for 24 h, and cooled to rt. To the mixture was 

20 added second portion of tetrahydrofuran (20 mL). The final mixture was 
refluxed for another 24 h at 125°C. After cooling of the mixture to rt, white 
crystalline solid was precipitated. It was separated from the pale green-yellow 
solution by filtration through a filter paper on Buchner funnel, and rinsed with 
wBu 2 0 (100 mL). The filtrates were combined, and concentrated to dryness, 

25 yielding yellow solid as a desired product (23 g). It was kept in a brown bottle, 
and used in next step without further purification. 'H-NMR (CD 3 OD, 299.96 
MHZ): d (ppm) 5.64 (br s, 1H), 5.51 (br s, 1H), 5.1 (br s, 1H), 4,86 (br s, 1H), 
2.21 (brs, 3H). 

The preparation of compounds (2)-(4) is illustrated in Scheme 2. 

30 
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Scheme 2 




Example 2 

5 Preparation of Compound (2) 

To a cold suspension of NaH (60% oily dispersion; 83 mg, 2.1 mmol) in 
anhydrous THF (15 mL) in ice bath was added 2-amino-2-methyl- 1,3- 
propanediol (87 mg, 0,83 mmol) under stream of nitrogen gas. The mixture was 
stirred for 1 h at the same temperature prior to addition of 2-fluoro-m-xylene- 

10 chromium tricarbonyl complex ((B); 538 mg, 2.1 mmol). The final mixture was 
stirred in ice bath for 1 h, and at rt for 48 h. The reaction mixture was quenched 
by cooling in ice bath, and followed by slow addition of iodine (2.0 g, 7.9 mmol) 
over 5 min while stirring the mixture. After the addition, the mixture was stirred 
for 1 h in ice bath, and treated carefully with water (1 mL) under nitrogen gas. It 

1 5 was then concentrated in vacuo, to afford dark brown residue, and partitioned 
between EtOAc (150 mL) and brine solution (100 mL). The organic phase was 
collected, and washed with 5% Na 2 S 2 0 3 (50 mL). After drying over MgS0 4 , the 
organic solution was concentrated in vacuo, yielding pale yellow oil. It was 
dissolved in -5 mL of aqueous acetonitrile (60%) containing 5% TFA, filtered 

20 through a membrane filter, and purified by preparative reverse-phase HPLC as 
described previously. The desired product (Compound (2)) was obtained as TFA 
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salt (71 mg). Retention time (anal HPLC: 10 to 70% MeCN/H 2 0 over 5 min) = 
3,84 min. ESMS (C 20 H 27 NO 2 ): calcd. 313.4; obsd. 314.3 [M+Hf. 

Compound (B) was prepared similarly as described for compound (A) by 
using «Bu 2 0 (100 mL), tetrahydrofuran (30 mL), 2-fluoro-/w-xylene (12 g, 
5 97 mmol), and chromium hexacarbonyl (10 g, 45*4 mmol). The product was 
obtained as yellow solid (33 g). It was kept in a brown bottle, and used in next 
step without further purification. 'H-NMR (CD 3 OD, 299.96 MHZ): d (ppm) 
5.45 (br s, IH), 5.2 (br s, 1H), 4.88 (br s, 1H), 2.24 (br s, 6H). 



10 Example 3 

Preparation of Compound (3) 

Compound 3 was synthesized in a similar manner to compound (2) using 
arene-chromium complex (B) and 2-amino~U3-propanediol. Retention time 
(anal HPLC: 10-70% MeCN/H 2 0 over 5 min) - 3.75 min, ESMS (C 19 H 25 N0 2 ): 
15 calcd. 299.4; obsd, 300.2 [M+H] + . 



Example 4 
Preparation of Compound (4) 

Compound (4) was synthesized in a similar manner to compound (2) 
20 using arene-chromium complex (B) and (L)-threoninol. Retention time (anal. 

HPLC: 10-70% MeCN/H 2 0 over 5 min) = 3.85 min. ESMS (C 20 H 27 NO 2 ): calcd. 
313.4; obsd, 314.3 [M+Hf. 

The preparation of compounds (5)-(6) is illustrated in Scheme 3, 
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Scheme 3 




CI F 



Example 5 

5 Preparation of Compound (5) 

To a cold solution of compound (C) (1,5 g, 6,37 mmol), 2-chloro-6- 
methylphenol (2.18 g, 15.3 mmol), and triphenylphosphine (4.0 g, 153 mmol) in 
anhydrous THF (50 mL) in ice bath was added diethyl azadicarboxylate (2.44 g, 
14 mmol) under nitrogen atmosphere. The mixture was stirred for 4 h in ice 

10 bath, and for 48 h at rt. After concentration of the mixture in vacuo, an oily 

residue was obtained. It was dissolved in EtOAc (200 mL), and washed with 5% 
NaOH and then with brine solution. The crude product was dissolved in EtOH 
(50 mL), and followed by addition of hydrazine monohydrate (7 mL). The final 
mixture was heated at 90°C for 12 hu After cooling to rt, the mixture was filtered 

1 5 through a filter paper to remove white precipitate. The filtrate was concentrated 
in vacuo, yielding oily residue. It was dissolved in 60% aqueous acetonitrile 
(5% TFA), and purified by preparative reverse-phase HPLC (20 to 70% 
MeCN/water over 30 min; 254 nm). Retention time (anal. HPLC: 10-70% 
MeCN/H 2 0 over 5 min) = 3.8 min. ESMS (C !8 H 2I C1 2 N0 2 ): calcd, 3543; obsd. 

20 353.9 [M] + . 

Compound (C) was prepared as follows- A mixture of 2-amino-2~ 
methyl- 1,3-propanediol (5 g, 47,6 mmol) and //-carboethoxyphthalimide 
(10,95 g, 50 mmol) in chloroform (100 mL) was heated at 75°C for 24 h. The 
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mixture was concentrated in vacuo, yielding colorless oily residue. It was 
partitioned between EtOAC (200 mL) and brine solution (200 mL). After 
shaking, the organic phase was dried over MgS0 4 , and concentrated to oily 
residue. The crude product was purified by flash silica column chromatography 
5 by eluting with 50% EtOAc/hexane to 10% MeOH in 70% EtOAc/hexane. 

Compound (C) was obtained as white solid (9.8 g; 88%). R f = 0,5 (5% MeOH in 
70% EtOAc/hexane). Retention time (anal. HPLC: 10-70% MeCN/H 2 0 over 
5 min) = 1 .9 min. ESMS (C 12 H 13 N0 4 ): calcd. 235.2; obsd, 236,6 [M+H] + , 471.7 
[2M+Hr. ] H-NMR (CD 3 OD, 299.96 MHZ): d (ppm) 7.79-7.76 (m, 4H), 4.2- 
10 4,16 (d, 2H), 3.89*3.85 (d, 2H), 1.63 (s, 3H). 

Example 6 
Preparation of Compound (6) 

Compound (6) was synthesized in a similar manner to compound (5) 
15 using 2,4,6-triftuorophenol Retention time (anal. HPLC: 10-70% MeCN/H 2 0 
over 5 min) = 3,3 min, ESMS (C 16 H l3 F 6 N0 2 ): calcd. 365,3; obsd. 365,9 [M+H] + , 
731.3 [2M+H]\ 

The preparation of compounds (7)-(9) is illustrated in Scheme 4. 
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Scheme 4 




R = 2,6-dimethyl (D): R - 2,6-dimethyl 

R = 2 ,4-dimethyl (E): R = 2 ,4-dimethyl 

R = 2-chIoro-6-methyI (F): R - 2-chloro-6-methyl 

R = 2-methyl (G); R = 2-methyl 




O NH 2 

(H) : R = 2,6-dimethyl (7): R = 2,6-dimethyl 

(I) : R = 2,4-dimethyl (8): R- 2-methyl 
(J): R = 2-chloro-6-methyl (9): R = 2,4-dimethyl 
(K): R = 2-methyl 



Example 7 

5 Preparation of Compound (9) 

A mixture of compound (I) (500 mg, 1 .68 mmol), aq. NH 3 (cone; 5 mL), 
and NlLOAc (1.0 g, 13 mmol) in ethanol (50 mL) was heated at 70°C for 1 h, 
and cooled to 0°C prior to addition of sodium cyanoborohydride (158 mg, 2.5 
mmol) in ice bath. After stirring for 1 h, the mixture was concentrated in vacuo, 
10 and the residue was dissolved in 50% aqueous acetonitrile (5% TFA). It was 
purified by preparative reverse-phase HPLC. Retention time (anal. HPLC: 10- 
70% MeCN/H 2 0 over 5 min) = 4.0 min. ESMS (C !9 H 2J N0 2 ): calcd. 299.4; 
obsd. 300.2 [M+H] + , 599.5 [2M+H] + . 

15 The intermediate compound (I) was prepared as follows. 
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a. Preparation of compound (E), Using a procedure similar to that 
described in Example 9, sub-part a, except replacing the 2,6-dimethylphenol 
used therein with 2,4-dimethylphenol, compound (E) was prepared. R f = 0.91 in 
hexane/EtOAc (4/1). l H-NMR (CD 3 OD, 299.96 MHZ): d (ppm) 6,92-6.88 (m, 

5 4H), 6.77-6.74 (d, 2H), 5.35 (s, 2H), 4.61 (m, 4H), 2.21-2.14 (two s, 12 H), 

b. Preparation of compound (I). Using a procedure similar to that 
described in Example 9, sub-part b, except replacing the Compound (D) used 
therein with Compound (E), Compound (I) was prepared. l H-NMR (CD 3 OD, 
299.96 MHZ): d (ppm) 6.9-6.6 (m, 6H), 4.84 (s, 4H), 2.19-2.07 (two s, 12H). 

10 

Example 8 
Preparation of Compound (8) 

Compound (8) was synthesized in a similar fashion to compound (7) 
using compound (K). Retention time (anal. HPLC: 10-70% MeCN/H 2 0 over 5 
15 mm) = 3.58 min. ESMS (C l7 H 2l N0 2 ): calcd. 271.4; obsd. 272.0 [M+H] + . >H- 
NMR (CD 3 OD, 299.96 MHZ): d (ppm) 7.2-7.13 (m, 4H), 7.0-6.88 (m, 4H), 
4.39-4.36 (m, 4H), 4.15-4.1 (quin, 1H). 

The intermediate compound (K) was prepared as follows. 

a. Using a procedure similar to that described in Example 9, sub- 
20 part a, except replacing the 2,6-dimethylphenol used therein with 2- 

methylphenol, compound (G) was prepared. R F = 0.91 in hexane/EtOAc (4/1), 
'H-NMR (CD3OD, 299.96 MHZ): d (ppm) 7,1 1-7,08 (m, 4H) 5 7.09-6.81 (m, 
4H), 5.39-5.38 (m, 2H), 4.68-4.65 (m, 4H), 2.18 (s, 6H). 

b. Preparation of compound (K). Using a procedure similar to that 
25 described in Example 9, sub-part b, except replacing the Compound (D) used 

therein with Compound (G), Compound (K) was prepared. 'H-NMR (CD30D, 
299.96 MHZ): d (ppm) 7.1 8-7.06 (m, 4H), 6.95-6.80 (m, 4H), 4.87 (s, 4H), 2.1 
<s, 6H), 
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Example 9 
Preparation of Compound (7) 

Using a procedure similar to that described in Example 7, except 
replacing the Compound (I) used therein with Compound (H), the title 
5 compound was prepared. Retention time (anal HPLC: 10-70% MeCN/H 2 0 over 
5 min) - 3,7 min, ESMS (C 19 H 25 N0 2 ): calcd. 299.4; obsd. 300.2 [M+H] + , 599.2 
[2M+Hf. 

The intermediate compound (H) was prepared as follows* 

a. Preparation of compound (D). To a nitrogen-saturated solution of 2,6- 
1 0 dimethylphenol (1 7.2 g, 0. 14 mole) and 3-chloro-2-chlorornethyM-propene 

(8.0 g, 0.064 mole) in acetone (250 mL) was added K 2 C0 3 (19.46 g, 0.141 
mole). The mixture was stirred and refluxed under nitrogen for 72 h. The 
mixture was cooled to rt, and filtered through a filter paper on Buchner funnel 
The filtrate was concentrated in vacuo, yielding colorless oily residue. It was 
1 5 purified by silica column chromatography by eluting with hexane/EtOAc (8/1). 
The desired product (compound (D)) was obtained as colorless oil (16.5 g; 87%). 
R f = 0.77 in hexane/EtOAc (8/1). 'H-NMR (CD 3 OD, 299.96 MHZ): d (ppm) 
7.0-6.98 (d, 4H), 6.81-6.7 (dd, 2H), 5.46 (s, 2H), 4.44 (s, 4H), 2.26 (s, 12H). 

b. Preparation of Compound (H). To a cold solution of compound (D) 
20 (15.5 g, 52.3 mmol) in dioxane (350 mL) was added water (60 mL) and NaI0 4 

(24 g, 1 10 mmol) in ice bath. After stirring the mixture for 10 min, Os04 (1 g) 
in /BuOH (25 mL) was added to it. The final mixture was stirred for 4 h in ice 
bath, and 20 h at rt. The mixture was filtered through a filter paper, and the solid 
residue was rinsed with EtOAc (300 mL). The filtrate was washed with brine 

25 solution (200 mL), dried over MgS0 4 , and concentrated in vacuo, yielding pale 
brown oil. It was purified by silica column chromatography by eluting with 
hexane/EtOAc (9/1 to 3/1). Fractions with R r of 0.71 (25% EtOAc/hexane) were 
collected, and concentrated to afford pale brown solid. It was crystallized using 
small amount of hexane at 0°C. Compound (H) was obtained as white solid in 

30 -^40% yield (6.24 g). Retention time (anal. HPLC: 1 0-70% MeCN/H 2 0 over 5 
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min) = 4.9 min. 'H-NMR (CD 3 OD, 299.96 MHZ): d (ppm) 7.1-7.0 (d, 4H), 6.9- 
6.8 (dd, 2H), 4.75 (s, 4H), 2.27 (s, 12H). 

The preparation of compounds (10)-(17) is illustrated in Scheme 5. 

5 Scheme 5 

.CH 3 ^^/CH 3 





OH Y^O^ 
CH 3 CH 3 

(L) 

(M) 



CH, ' NH V ° T R 

3 CH 3 NH 2 




H 3 C 

(10) : R = 



(11):R=^ 0 







(16): R = , ff 



CI 



(13): R = & 

(17): R= , YY 



CH-, 



CH 3 



57 



BNSOOCID: <WO 03OS721 5A2_l_> 



WO 02/057215 



PCT/US02/01307 



Example 10 
Preparation of Compound (10) 

A mixture of compound (M) (0.5 g, 2.82 mmol), ocresol (0.61 g s 
5,6 mmol), and BF 3 Et 2 0 (1 mL, 7.9 mmol) in toluene (10 mL) was heated at 
5 90°C for 24 h. After cooling to rt, the mixture was treated with 5% TF A/50% 
aqueous acetonitrile (10 mL), and followed by concentration in vacuo. The 
resulting residue was dissolved in aqueous acetonitrile, and purified by 
preparative reverse HPLC. The desired product, compound (10), was obtained 
as TFA salt (180 mg). Retention time (anal. HPLC: 10-70% MeCN/H 2 0 over 
10 5 min) = 3.6 min. ESMS (C 13 H 23 N0 2 ): calcd. 285,4; obsd. 286.1 [M+H]\ 5713 
[2M+H] + . 'H-NMR (CD 3 OD, 299.96 MHZ): d (ppm) 7.2-7.15 (m, 2H), 7.02- 
6.88 (m, 5H), 4.45-435 (m, 2H), 4.2-4.18 (m, 2H), 4.11-4.05 (quin, 1H), 2.28 
(m, 9H). 

The intermediate compound (M) was prepared as follows, 
15 a. Preparation of compound (L), To a nitrogen-saturated, cold 

suspension of 2,6-dimethylphenol (20 g, 0.164 mole) in water (200 mL) in ice 
bath was added NaOH (7,86 g, 0,197 mole), and then followed by addition of 2- 
chloromethyloxirane (27.3 g, 0.295 mole). After stirring the mixture in ice bath 
for 1 h, it was stirred for 24 h at rt under nitrogen atmosphere. The mixture was 
20 then extracted with 40% EtOAc/hexane (300 mL). The organic layer was 

washed with 1M NaOH (2 x 150 mL), dried over MgS0 4 , and concentrated in 
vacuo* yielding pale yellow oil. It was purified by silica column chromatography 
by eluting with hexane/EtOAc (8/1 to 5/1). Compound (L) was obtained as 
colorless liquid (14.87 g, 51%). R f = 0.73 in hexane/EtOAc (3/1). l H-NMR 
25 (CD 3 OD, 299.96 MHZ): d (ppm) 7,0-6.96 (d, 2H), 6.9-6.85 (dd, 1H), 4.12-4.08 
(dd, 1H), 3.68-3.6 (dd, 1H), 335-33 (m, 1H), 2.88-2.82 (t, 1H), 2.7-2.65 (m, 
1H),2.25 (s, 6H). 

b. Preparation of compound (M). To a cold solution of compound (L) 
(14.87 g, 83.4 mmol) in 2-ethoxyethanoI (125 mL) and water (40 mL) in ice bath 
30 was added sodium azide (10.86 g, 166.8 mmol) and ammonium sulfate (13.23 g, 
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100.1 mmol). After stirring the mixture for 2 h in ice bath, it was stirred at rt for 
36 h. The mixture was extracted with ether (2 x 300 mL). The organic layer was 
washed with brine solution, dried over MgS0 4 , and evaporated to dryness, 
yielding colorless oil (17.6 g). 'H-NMR (CD 3 OD, 299.96 MHZ): d (ppm) 7.0- 
5 6.96 (d, 2H), 6.95-6.92 (t, 1H), 4,1-4.08 (m, 1H), 3,79-3.74 (m, 2H), 3,57-3,4 
(m, 2H), 2.26 (s, 6H), 

The above product was dissolved in acetonitrile (50 mL), and then added 
slowly to a solution of triphenylphosphine (21,9 g, 83.5 mmol) in acetonitrile 
(400 mL) while being stirred. The mixture was stirred for 3 h at rt under stream 

10 of nitrogen, and then heated at 90 Q C for 6 h. The mixture was cooled, 

concentrated in vacuo, yielding white semi-crystalline oil. It was purified by 
silica column chromatography by eluting with 50% EtOAc/hexane to 5% MeOH 
in 50% EtOAc/hexane. Compound (M) was obtained as colorless oil (8 g, 54%). 
Retention time (anal. HPLC: 10-70% MeCN/H 2 0 over 5 min) = 1.8 min. ESMS 

15 (C H H l5 NO): calcd. 177.2; obsd. 20L1 [M+Na]\ 1 H-NMR (CD 3 OD, 299.96 

MHZ): d (ppm) 7.0-6.97 (d, 2H), 6.95-6.90 (t, 1H), 3.82-3.81 (dd, 1H), 3.72-3.65 
(dd, 1H), 2,45-2.4 (m, 1H), 2.27 (s, 6H), 1.9 (d, 1H), 1.75 (m, 1H). 



Example 11 

20 Preparation of Compound (1 1) 

Compound (11) was synthesized in a similar manner to that described in 
Example 10, except replacing the 2,6-dimethylphenol used in sub-part a, with 
2,4,6-trifluorophenol. Retention time (anai. HPLC: 1 0-70% MeCN/H z O over 
5 min) - 3.5 min. ESMS (C l7 H l8 F 3 N0 2 ): calcd. 325.3; obsd. 326.0 [M+Hf, 

25 348.2 [M+Na] + . 
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Example 12 
Preparation of Compound (12) 

Compound (12) was synthesized in a similar manner to that described in 
Example 10, except replacing the 2,6-dimethyIphenol used in sub-part a with 
5 2,6-dichlorophenol, Retention time (anal HPLC: 10-70% MeCN/H 2 0 over 
5 min) - 3,71 min. ESMS (C 17 H )9 C1 2 N0 2 ): calcd. 340.2; obsd. 340.1 [M]\ 

Example 13 
Preparation of Compound (13) 

10 Compound (13) was synthesized in a similar manner to that described in 

Example 10, except replacing the 2,6-dimethylphenol used in sub-part a with 3- 
AW-dimethylaminophenol. Retention time (anal. HPLC: 5-75% MeCN/H 2 0 
over 4 min) = 2.1 min, ESMS (C 19 H 26 N 2 0 2 ): calcd. 314.4; obsd. 315.2 [M+H] + . 

15 Example 14 

Preparation of Compound (14) 

Compound (14) was synthesized in a similar manner to that described in 
Example 10, except replacing the 2,6-dimethylphenol used in sub-part a with 2- 
isopropylphenol. Retention time (anal. HPLC: 5*75% MeCN/H 2 0 over 4 min) = 
20 3.3 min. ESMS (C 20 H 27 NO 2 ): calcd. 313.4; obsd. 314.0 [M+Hf. 

Example 15 
Preparation of Compound (15) 
Compound (15) was synthesized in a similar manner to that described in 
25 Example 10, except replacing the 2,6-dimethylphenol used in sub-part a with 6- 
hydroxyquinoline. Retention time (anal HPLC: 5-75% MeCN/H 2 0 over 4 min) 
= 2.2 min. ESMS (C 20 H 22 N 2 O 2 ): calcd, 322.4; obsd. 323.0 [M+H] + . 
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Example 16 
Preparation of Compound (16) 

Compound (16) was synthesized in a similar manner to that described in 
Example 10, except replacing the 2,6-dimethylphenoI used in sub-part a with 2- 
5 chloro-4-methylphenoL Retention time (anal. HPLC: 5-75% MeCN/H 2 0 over 4 
min) = 3.4 min. ESMS (C 18 H 22 C1N0 2 ): calcd. 319.8; obsd. 319.9 [M] + . 

Example 17 
Preparation of Compound (17) 
10 Compound (17) was synthesized in a similar manner to that described in 

Example 10, except replacing the 2,6-dimethylphenol used in sub-part a with 4- 
chloro-2,6-dimethylphenoL Retention time (anal. HPLC: 5-75% MeCN/H 2 0 
over 4 min) = 3.4 min. ESMS (C t9 H 24 ClN0 2 ): calcd. 333.8; obsd. 334.2 
[M+H] + . 

15 
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The preparation of compounds (18)-(29) is illustrated in Scheme 6, 



Scheme 6 
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Example 18 
Preparation of Compound (18) 

A mixture of compound (O) (35.5 mg, 0.2 mmot), 2-chlorophenol 
(25.6 mg, 0.2 mmol), and BF 3 Et 2 0 (28.4 mg, 0.2 mmol) in toluene (0.5 mL) was 
5 heated at 90°C for 24 h. After cooling to rt, the mixture was treated with 5% 
TF A/50% aqueous acetonitrile (1 mL), and followed by concentration in vacuo. 
The resulting residue was dissolved in aqueous acetonitrile, and purified by 
preparative reverse HPLC. The desired product (compound (18)) was obtained 
as TFA salt. Retention time (anal. HPLC: 5-75% MeCN/H 2 0 over 4 min) = 
10 3.0 min. ESMS (C n H 20 ClNO 2 ): calcd. 305,8; obsd. 306.1 [M+Hf. 

The intermediate compound (O) was prepared as follows. 

a. Preparation of compound (N). To a nitrogen-saturated, cold 
suspension of o-cresol (1 1 .28 g, 0.104 mole) in water (200 mL) in ice bath was 
added NaOH (5.01 g, 0.125 mole), followed by addition of 2-chloromethyl-2- 

15 methyloxirane (20.0 g, 0.1 88 mole). After stirring the mixture in ice bath for 
1 h, it was stirred for 24 h at room temperature under nitrogen atmosphere. The 
mixture was then extracted with 40% EtOAc/hexane (300 mL). The organic 
layer was washed with 1M NaOH (2 x 150 mL), dried over MgS0 4 , and 
concentrated in vacuo^ yielding pale yellow oil. It was purified by silica column 

20 chromatography, eluting with hexane/EtO Ac (8/1 to 5/1). Compound (N) was 
obtained as colorless liquid (1 1.3 g). R f = 0.57 in hexane/EtOAc (5/1). Retention 
time (anal. HPLC: 10-70 % MeCN/H 2 0 over 5 min)-4.31 min. 'H-NMR 
(CD 3 OD, 299.96 MHZ): d (ppm) 7.13-7,08 (m, 2H), 6.86-6.78 (m, 2H), 4.12- 
4.09 (d, 1H), 3.89-3.86 (d, 1H), 2.89-2.87 (d, 1H), 2.74-2.72 (d, 1H), 2.21 (s, 

25 3H), 1.46 (s,3H). 

b. Preparation of compound (O). To a cold solution of compound (N) 
(1 1 .3 g, 0.063 mol) in 2-ethoxyethanol (130 mL) and water (30 mL) in ice bath 
was added sodium azide (8.26 g, 0.127 mol) and ammonium sulfate (10,06 g, 
0,076 mol). After stirring the mixture for 2 h in ice bath, it was stirred at rt for 

30 36 h. The mixture was extracted with ether (2 x 300 mL). The organic layer was 
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washed with brine solution, dried over MgSC> 4 , and evaporated to dryness, 
yielding colorless oil (11.13 g)- 'H-NMR (CD 3 OD, 299.96 MHz): d (ppm) 7,15- 
7,09 (m, 2H), 6.87-6.80 (m, 2H), 3,92-3.89 (d, 1H), 3.79-3,76 (d, 1H), 3.43-3.42 
(m, 2H), 2.21 (s, 3H), 1.33 (s, 3H). Retention time (anal. HPLC: 10-70% 
5 MeCN/H 2 0 over 5 min) — 4.5 min. 

The above product was dissolved in acetonitrile (100 mL), and then 
added slowly to a solution of triphenylphosphine (13.85 g, 0.053 mol) in 
acetonitrile (100 mL) while being stirred. The mixture was stirred for 3 hours at 
room temperature under stream of nitrogen, and then heated at 90°C for 6 h* The 

10 mixture was cooled, add concentrated in vacuo, yielding white semi-crystalline 
oil It was purified by silica column chromatography by eluting with 50% 
EtOAc/hexane to 5% MeOH in 50% EtOAc/hexane. Compound (O) was 
obtained as colorless oil (4.7 g). Retention time (anal. HPLC: 10-70% 
MeCN/H 2 0 over 5 min) - 1,85 min. 'H-NMR (CD 3 OD, 299.96 MHz): d (ppm) 

15 7.13-7.10 (m, 2H), 6.84-6.78 (m, 2H), 3.97-3.94 (d, 1H), 3.81-3.78 (d, 1H), 2.21 
(s, 3H), 1.83 (s, 1H), 1.68 (s, 1H), 1.40 (s, 3H). ESMS (C n H 15 NO): calcd. 
177.2; obsd. 223 [M+Na]\ 

Example 19 

20 Preparation of Compound (1 9) 

Compound (19) was synthesized in a similar manner to compound (18) 
using 2,6-dimethoxyphenol. Retention time (anal. HPLC: 5-75% MeCN/H 2 0 
over 4 min) = 2.9 min. ESMS (C 19 H 25 N0 4 ): calcd. 33L4;obsd. 332.1 [M+H] + . 

25 Example 20 

Preparation of Compound (20) 
Compound (20) was synthesized in a similar manner to compound (18) 
using 2-isopropylphenol. Retention time (anal. HPLC: 5-75% MeCN/H 2 0 over 
4 min) - 3.3 min. ESMS (C 20 H 27 NO 2 ): calcd. 3 13.4; obsd. 3 14.2 [M+H]* , 

30 
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Example 21 
Preparation of Compound (21) 
Compound (21) was synthesized in a similar manner to compound (18) 
using 3-chloro-5-hydroxypyridine and DMF as a solvent. Retention time (anal, 
5 HPLC: 5-75% MeCN/H 2 0 over 4 min) = 2,5 min. ESMS (C I6 H I9 C1N 2 0 2 ): calcd. 
306.8; obsd. 307.0 [M+Hf. 

Example 22 
Preparation of Compound (22) 
10 Compound (22) was synthesized in a similar manner to compound (18) 

using 2-methoxyphenoI. Retention time (anal. HPLC: 5-75% MeCN/H 2 0 over 
4 min) = 2.9 min. ESMS (C l8 H 23 N0 3 ): calcd. 301.4; obsd. 302.1 [M+H] + . 

Example 23 

1 5 Preparation of Compound (23) 

Compound (23) was synthesized in a similar manner to compound (18) 
using 2-trifluorornethylphenoL Retention time (anal HPLC: 5-75% MeCN/H 2 0 
over 4 min) - 3.1 min. ESMS (C 18 H 20 F 3 NO 2 ): calcd. 339.4; obsd. 340.1 [M+Hf. 

20 Example 24 

Preparation of Compound (24) 
Compound (24) was synthesized in a similar manner to compound (18) 
using 2-cyanophenoL Retention time (anal, HPLC: 5-75% MeCN/H 2 0 over 
4 min) = 2.9 min. ESMS (C l8 H 20 N 2 O 2 ): calcd. 296.4; obsd. 297.1 [M+H] + . 



25 



Example 25 
Preparation of Compound (25) 
Compound (25) was synthesized in a similar manner to compound (18) 
using 6-methyl-3-hydroxypyridine and DMF as a solvent. Retention time (anal. 
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HPLC: 5-75% MeCN/H 2 0 over 4 min) = 1.6 min, ESMS (C )7 H 22 N 2 0 2 ): calcd. 
286,4; obsd. 287.1 [M+H] + . 

Example 26 

5 Preparation of Compound (26) 

Compound (26) was synthesized in a similar manner to compound (18) 
using l-hydroxy-5,6,7,8-tetrahydronaphthalene. Retention time (anal HPLC: 5- 
75% MeCN/H 2 0 over 4 min) = xx min. ESMS (C 21 H 27 N0 2 ): calcd. 325.5; obsd. 
326.1 [M+H]\ 

10 

Example 27 
Preparation of Compound (27) 
Compound (27) was synthesized in a similar manner to compound (18) 
using 6-hydroxyquinoline. Retention time (anal HPLC: 5-75% MeCN/H 2 0 over 
15 4 min) = 2.7 min. ESMS (C 20 H 22 N 2 O 2 ): calcd. 322.4; obsd. 323.0 [M+H] + . 

Example 28 
Preparation of Compound (28) 
Compound (28) was synthesized in a similar manner to compound (18) 
20 using S^S-bisttrifluoromethyOphenol. Retention time (anal. HPLC: 5-75% 

MeCN/H 2 0 over 4 min) = 3,5 min. ESMS (C t9 H l9 F 6 N0 2 ): calcd. 407.4; obsd. 
408.1 [M+Hr. 

Example 29 

25 Preparation of Compound (29) 

Compound (29) was synthesized in a similar manner to compound (18) 
using 2-methoxy-4-cyanophenoI. Retention time (anal. HPLC: 5-75% 
MeCN/H 2 0 over 4 min) = 2.7 min. ESMS (C 19 H 22 N 2 0 3 ): calcd. 326.4; obsd. 
327.1 [M+Hf. 
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Compounds (30) to (46) were synthesized from compound (M) using a 
procedure similar to that described in Example 18 by replacing the 2- 
chlorophenol used therein with the requisite heterocycle or alcohol. The 
preparation of compounds (30)-(46) is illustrated in Scheme 7. 
Scheme 7 
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Example 30 
Preparation of Compound (30) 
Compound (30) was synthesized in a similar manner to compound (18) 
5 using imidazole and DMF as a solvent. Retention time (anal. HPLC: 5-75% 
MeCN/H 2 0 over 4 min) = 2.47 min. ESMS (C, 4 H 19 N 3 0): calcd. 245.3; obsd. 
245.8 [M]\ 

Example 31 

10 Preparation of Compound (31) 

Compound (31) was synthesized in a similar manner to compound (18) 
using 3,5-dimethylpyrazole. Retention time (anal HPLC: 5-75% MeCN/H 2 0 
over 4 min) = 2.7 min. ESMS (C l6 H 23 N 3 0): calcd. 273.3; obsd. 274,0 [M+H]*. 

15 Example 32 

Preparation of Compound (32) 
Compound (32) was synthesized in a similar manner to compound (18) 
using 2-phenylimidazole and DMF as a solvent. Retention time (anaL HPLC: 5- 
75% MeCN/H 2 0 over 4 min) = 2,7 min. ESMS (C 20 H 23 N 3 O): calcd, 32L4; 
20 obsd. 322.1 [M+Hf, 

Example 33 
Preparation of Compound (33) 
Compound (33) was synthesized in a similar manner to compound (18) 
25 using 2-ethy! imidazole. Retention time (anal. HPLC: 5-75% MeCN/H 2 0 over 4 
min) = 1 .9 min. ESMS (C^H^O,): calcd. 273,4; obsd. 274.2 [M+H] + . 
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Example 34 
Preparation of Compound (34) 
Compound (34) was synthesized in a similar manner to compound (18) 
using 4-phenylimidazole and DMF as a solvent. Retention time (anal HPLC: 3- 
5 75% MeCN/H 2 0 over 4 min) - 2.5 min. ESMS (C 20 H 23 N 3 O): calcd. 32 1 A; 
obsd. 322.2 [M+Hf. 

Example 35 
Preparation of Compound (35) 
10 Compound (35) was synthesized in a similar manner to compound (18) 

using benzimidazole and DMF as a solvent. Retention time (anal HPLC: 5-75% 
MeCN/H 2 0 over 4 min) = 2.3 min. ESMS (C 18 H 2] N 3 0): calcd. 295.4; obsd. 
296.2 [M+Hf. 

15 Example 36 

Preparation of Compound (36) 
Compound (36) was synthesized in a similar manner to compound (18) 
using 4-methylcarboxyimidazole. Retention time (anal. HPLC: 5-75% 
MeCN/H 2 0 over 4 min) = 23 min. ESMS (C l6 H 2l N 3 0 3 ): calcd. 3030,4; obsd, 
20 304,2 [M+H] + . 

Example 37 
Preparation of Compound (37) 
Compound (37) was synthesized in a similar manner to compound (18) 
25 using hydroxymethylcyclopentane. Retention time (anal HPLC: 5-75% 

MeCN/H 2 0 over 4 min) = 3.4 min. ESMS (C l7 H 27 N0 2 ): calcd. 277.4; obsd. 
279.1 [M+H] + . 
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Example 38 
Preparation of Compound (38) 
Compound (38) was synthesized in a similar manner to compound (18) 
using S-T^N-dimethylamino-l-propanoL Retention time (anaL HPLC: 5*75% 
5 MeCN/H 2 0 over 4 min) « 1.3 min. ESMS (C j6 H 28 N 2 0 2 ): calcd. 280.4; obsd. 
281-2 [M+H] + . 

Example 39 
Preparation of Compound (39) 
10 Compound (39) was synthesized in a similar manner to compound (18) 

using r-butanoL Retention time (anal HPLC: 5-75% MeCN/H 2 0 over 4 min) = 
2.3 min. ESMS (C 15 H 25 N0 2 ): calcd. 251.4; obsd. 251.2 [Mf. 

Example 40 

1 5 Preparation of Compound (40) 

Compound (40) was synthesized in a similar manner to compound (18) 
using 1 -hydroxyrnethyl-2-phenylbenzene and DMF as a solvent. Retention time 
(anaL HPLC: 5-75% MeCN/H 2 0 over 4 min) = 3.3 min. ESMS (C 24 H 27 N0 2 ): 
calcd. 361.5; obsd. 383.2 [M+Naf. 

20 

Example 41 
Preparation of Compound (41) 
Compound (41) was synthesized in a similar manner to compound (18) 
using 4-butyIoxybenzyl alcohoL Retention time (anaL HPLC: 5-75% 
25 MeCN/H 2 0 over 4 min) = 3.4 min. ESMS (C 22 H 3I N0 3 ): calcd. 357.5; obsd. 
358.2 [M+H] + . 
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Example 42 
Preparation of Compound (42) 
Compound (42) was synthesized in a similar manner to compound (18) 
using 2-(2~hydroxyethyl)thiofuran, Retention time (anal. HPLC: 5-75% 
5 MeCN/H 2 0 over 4 min) - 2,6 min. ESMS (C l7 H 23 N0 2 S): calcd, 305.4; obsd. 
306.0 [M+H] + . 



Example 43 
Preparation of Compound (43) 
1 0 Compound (43) was synthesized in a similar manner to compound (1 8) 

using 3-ethoxy-l-propanol. Retention time (anal. HPLC: 5-75% MeCN/H 2 0 
over 4 min) « 2.7 min. ESMS (C 16 H 27 N0 3 ): calcd. 281.4; obsd. 282 J [M+H] + . 



Example 44 

1 5 Preparation of Compound (44) 

Compound (44) was synthesized in a similar manner to compound (1 8) 
using 3-hydroxypropylbenzene. Retention time (anal, HPLC: 5-75% MeCN/H 2 0 
over 4 min) = 3.4 min, ESMS (C 20 H 27 NO 2 ): calcd, 313.4; obsd. 314.0 [M+H] + , 



20 Example 45 

Preparation of Compound (45) 
Compound (45) was synthesized in a similar manner to compound (18) 
using l-(jV r A^-dimethylamino)-4-(2-hydroxyethyl)benzene. Retention time (anal 
HPLC: 5-75% MeCN/H 2 0 over 4 min) = 2.0 min. ESMS (C 2l H 3l N 2 0 2 ): calcd. 
25 342.5; obsd. 343,2 [M+H] + , 
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Example 46 
Preparation of Compound (46) 
Compound (46) was synthesized in a similar manner to compound (18) 
using 4-(2-hydroxyethyl)pyridine and DMF as a solvent. Retention time (anaL 
5 HPLC: 5-75% MeCN/H 2 0 over 4 min) = I J min. ESMS (C l8 H 24 N 2 0 2 ): caicd. 
300.4; obsd. 301,2 [M+H] + . 

Compound (47) to (73) were synthesized from compound (O) according 
to the procedures described in Scheme 6 with respective nucleophiles (alcohol or 
heterocycle). 

10 

The preparation of compounds (47)-(62) is illustrated in Scheme 8. 
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Scheme 8 
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Example 47 
Preparation of Compound (47) 

A mixture of compound (O) (35,5 mg, 0.2 mmol), 3,5-dimethylpyrazole 
5 (19.2 mg, 0.2 mmol), and BF 3 Et 2 0 (28.4 mg, 0.2 mmol) in toluene (0.5 mL) was 
heated at 90°C for 24 h. After cooling to rt, the mixture was treated with 5% 
TF A/50% aqueous acetonitrile (1 mL), and followed by concentration in vacuo. 
The resulting residue was dissolved in aqueous acetonitrile, and purified by 
preparative reverse HPLC The desired product (47) was obtained as TFA salt. 
10 Retention time (anal. HPLC: 5-75% MeCN/H 2 0 over 4 min) = 2.5 min. ESMS 
(C l6 H 23 N 3 0): calcd. 273.4; obsd. 274.1 [M]\ 



Example 48 
Preparation of Compound (48) 
1 5 Compound (48) was synthesized in a similar manner to compound (47) 

using 2-phenylimidazole and DMF as a solvent. Retention time (anal, HPLC: 5- 
75% MeCN/H 2 0 over 4 min) - 2.2 min, ESMS (CjqH^NjO): calcd. 321.4; 
obsd. 322.1 [M+H] + . 



20 Example 49 

Preparation of Compound (49) 

Compound (49) was synthesized in a similar manner to compound (47) 
using 2-ethylimidazole. Retention time (anal. HPLC: 5-75% MeCN/H 2 0 over 
4 min) = 1.9 min. ESMS (C^H^O,): calcd. 273,4; obsd. 274.2 [M+Hf. 

25 

Example 50 
Preparation of Compound (50) 
Compound (50) was synthesized in a similar manner to compound (47) 
using 2-ethyl-4-methyHmidazole. Retention time (anal. HPLC: 5-75% 
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MeCN/H 2 0 over 4 min) = L95 min. ESMS (C 17 H 25 N 3 0): calcd. 287.4; obsd. 
288.2 [M+Hf, 

Example 51 

5 Preparation of Compound (51) 

Compound (51) was synthesized in a similar manner to compound (47) 
using 4-phenylimidazole and DMF as a solvent. Retention time (anal. HPLC: 5- 
75% MeCN/H 2 0 over 4 min) = 23 min. ESMS (C 20 H 23 N 3 O): calcd. 321 .4; 
obsd, 322.2 [M^Kf. 

10 

Example 52 
Preparation of Compound (52) 
Compound (52) was synthesized in a similar manner to compound (47) 
using benzimidazole and DMF as a solvent. Retention time (anal. HPLC: 5-75% 
15 MeCN/H 2 0 over 4 min) = 2.0 min. ESMS (C Jg H 2l N 3 0): calcd. 295.4; obsd. 
296.2 [M+H] + . 

Example 53 
Preparation of Compound (53) 
20 Compound (53) was synthesized in a similar manner to compound (47) 

using 4-methylcarboxyimidazole. Retention time (anal HPLC: 5-75% 
MeCN/H 2 0 over 4 min) = 2.0 min, ESMS (C l6 H 2l N 3 0 3 ): calcd. 3O30.4; obsd, 
304.2 [M+H] + . 

25 Example 54 

Preparation of Compound (54) 
Compound (54) was synthesized in a similar manner to compound (47) 
using 3-ethoxy-l-propanoL Retention time (anal. HPLC: 5-75% MeCN/H 2 0 
over 4 min) = 2,6 min. ESMS (C I6 H 27 N0 3 ): calcd. 28 L4; obsd, 282,1 [M+H] + , 

30 
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Example 55 
Preparation of Compound (55) 
Compound (55) was synthesized in a similar manner to compound (47) 
using 3-hydroxypropylbenzene. Retention time (anal. HPLC: 5-75% MeCN/H 2 0 
5 over 4 min) = 3.3 min. ESMS (C 20 H 27 NO 2 ): calcd. 313.4; obsd. 314.0 [M+Hf. 

Example 56 
Preparation of Compound (56) 
Compound (56) was synthesized in a similar manner to compound (47) 
10 using K-pentanol. Retention time (anal. HPLC: 5-75% MeCN/H 2 0 over 4 min) 
= 3.1 min, ESMS (C 16 H 27 N0 2 ): calcd. 265,4; obsd. 266.1 [M+H] + . 

Example 57 
Preparation of Compound (57) 
15 Compound (57) was synthesized in a similar manner to compound (47) 

using /-butanol. Retention time (anal HPLC: 5-75% MeCN/H 2 0 over 4 min) = 
2.7 min. ESMS (C 15 H 25 N0 2 ): calcd. 25 L4; obsd. 251 ,2 [M] + , 

Example 58 

20 Preparation of Compound (58) 

Compound (58) was synthesized in a similar manner to compound (47) 
using benzyl alcohoL Retention time (anal. HPLC: 5-75% MeCN/H 2 0 over 
4 min) = 2.9 min. ESMS (C 18 H 23 N0 2 ): calcd. 285.4; obsd. 286.1 [M+H] + . 

25 Example 59 

Preparation of Compound (59) 
Compound (59) was synthesized in a similar manner to compound (47) 
using 3,5-dichlorophenol. Retention time (anal. HPLC: 5-75% MeCN/H 2 0 over 
4 min) - 3.4 min. ESMS (C l8 H 2l CI 2 N0 2 ): calcd, 354.3; obsd. 354.1 [Mf. 

30 
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Example 60 
Preparation of Compound (60) 
Compound (60) was synthesized in a similar manner to compound (47) 
using 4~butyloxybenzyl alcohol. Retention time (anal, HPLC: 5-75% 
5 MeCN/H 2 0 over 4 min) = 3.5 min. ESMS (C 22 H 31 N0 3 ): calcd. 357.5; obsd. 
358.2 [M+H] + . 



Example 61 
Preparation of Compound (61) 
10 Compound (61) was synthesized in a similar manner to compound (47) 

using hydroxymethylcyclopentane. Retention time (anaL HPLC: 5-75% 
MeCN/H 2 0 over 4 min) = 3.1 min. ESMS (C l7 H 27 N0 2 ): calcd. 277.4; obsd, 
279.1 [M+H] + . 



15 Example 62 

Preparation of Compound (62) 
Compound (62) was synthesized in a similar manner to compound (47) 
using 2-(phenoxy)ethanoL Retention time (anal HPLC: 5-75% MeCN/H 2 0 over 
4 min) = 3.0 min. ESMS (C 19 H 25 N0 3 ): calcd. 315.4; obsd. 316.1 [M+Hf. 
20 The preparation of compounds (63)-(73) is illustrated in Scheme 9. 
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5 Example 63 

Preparation of Compound (63) 
Compound (63) was synthesized in a similar manner to compound (47) 
using 4-methylbenzyl alcohol Retention time (ana!. HPLC: 5-75% MeCN/H 2 0 
over 4 min) - 3.2 min. ESMS (C 19 H 25 N0 2 ): calcd. 299,4; obsd, 300.2 [M+Hf. 
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Example 64 
Preparation of Compound (64) 
Compound (64) was synthesized in a similar manner to compound (47) 
using 2-(2-hydroxyethyl)thiofuran. Retention time (anaL HPLC: 5-75% 
5 MeCN/H 2 0 over 4 min) = 3.1 min. ESMS (C I7 H 23 N0 2 S): calcd. 305.4; obsd. 
306.0 [M+H]*. 

Example 65 
Preparation of Compound (65) 
1 0 Compound (65) was synthesized in a similar manner to compound (47) 

using 3-oxa-6-(6-methyI-2-pyridiyl)-l-hexanol and DMF as a solvent. Retention 
time (anal, HPLC: 5-75% MeCN/H z O over 4 min) = 3,1 min, ESMS 
(C 22 H 32 N 2 0 3 ): calcd. 372 + 5; obsd. 374.2 [M+H]\ 

15 Example 66 

Preparation of Compound (66) 
Compound (66) was synthesized in a similar manner to compound (47) 
using 2-ethoxyethanol. Retention time (anal. HPLC: 5-75% MeCN/H 2 0 over 
4 min) = 2.5 min, ESMS (C l5 H 25 N0 3 ): calcd. 267.4; obsd. 268.1 [M+H]*. 

20 

Example 67 
Preparation of Compound (67) 
Compound (67) was synthesized in a similar manner to compound (47) 
using diethylene glycol monoethyl ether. Retention time (anal. HPLC: 5-75% 
25 MeCN/H 2 0 over 4 min) - 2,5 min. ESMS (C l7 H 20 NO 4 ): calcd, 31 1 .4; obsd. 
312,2 [M+H] + , 
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Example 68 
Preparation of Compound (68) 
Compound (68) was synthesized in a similar manner to compound (47) 
using piperonyl alcohol Retention time (anal HPLC: 5-75% MeCN/H 2 0 over 
5 4 min) - 3.0 min, ESMS (C l9 H B N0 4 ): calcd. 329.4; obsd. 330.2 [M+H] + . 

Example 69 
Preparation of Compound (69) 
Compound (69) was synthesized in a similar manner to compound (47) 
10 using 3-(3-hydroxypropy1)pyridine andi DMF as a solvent. Retention time (anal. 
HPLC: 5-75% MeCN/H 2 0 over 4 min) = 1.6 min. ESMS (C t9 H 26 N 2 0 2 ): calcd. 
314.4; obsd. 315.2 [M+Hf. 

Example 70 

1 5 Preparation of Compound (70) 

Compound (70) was synthesized in a similar manner to compound (47) 
using l-(A^ f A^-dimethylamino)*4-(2-hydroxyethyl)benzene. Retention time (anal. 
HPLC: 5-75% MeCN/H 2 0 over 4 min) - 2,2 min. ESMS (C 2l H 31 N 2 0 2 ): calcd. 
342.5; obsd. 343.2 [M+H] + . 

20 

Example 71 
Preparation of Compound (71) 
Compound (71) was synthesized in a similar manner to compound (47) 
using l-methoxy-4-(2-hydroxyethyl)benzene. Retention time (anal. HPLC: 5- 
25 75% MeCN/H 2 0 over 4 min) = 3.0 min. ESMS (C 20 H 27 NO 3 ): calcd. 329.4; 
obsd. 330.1 [M+H] + . 
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Example 72 
Preparation of Compound (72) 
Compound (72) was synthesized in a similar manner to compound (47) 
using 4-methyl-l-(2-hydroxyethyl)benzene. Retention time (anal HPLC: 5-75% 
5 MeCN/H 2 0 over 4 min) = 3.2 min. ESMS (C 20 H 27 NO 2 ): calcd, 313.4; obsd, 
314.1 [M+H]\ 

Example 73 
Preparation of Compound (73) 
10 Compound (73) was synthesized in a similar manner to compound (47) 

using 1,3-dihydroxypropane monobenzyl ether. Retention time (anal. HPLC: 5- 
75% MeCN/H 2 0 over 4 min) = 3.2 mm, ESMS (C 21 H 29 N0 3 ): calcd. 343.5; 
obsd. 344.2 [M+H] + . 

15 The preparation of compounds (74)-(80) is illustrated in Scheme 10. 
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Scheme 10 




CH 3 



Example 74 

5 Preparation of Compound (74) 

To a solution of compound (H) (0.6 g, 2.0 mmol, Example 9 sub-part b) 
and N-(2-aminoethyI)morpholine (0.393 g, 3.0 mmol) in EtOH (50 mL) was 
added Ti(z-OPr) 4 (1.14 g, 4.0 mmol). The mixture was heated at 55*C for 1 h, 
and cooled to 0°C prior to addition of NaCNBH 3 (152 mg, 2.42 mmol) and acetic 
10 acid (0.5 mL), After stirring for 1 h at the same temperature, the mixture was 
concentrated in vacuo, yielding oily residue. It was partitioned between EtOAc 
(100 mL) and L0 M NaOH (50 mL). After shaking, the two mixed layers were 
filtered through Buchner funnel, and allowed to stand in a separatory funnel. 
The organic layer was separated, dried over MgS0 4 , and concentrated in vacuo , 
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yielding oily residue. It was dissolved in 50% aqueous acetonitrile (5% TFA), 
and purified by preparative HPLC. Retention time (anal. HPLC: 10-70% 
MeCN/H 2 0 over 5 min) = 3.3 min, ESMS (C 25 H S6 N 2 0 3 ): calcd. 412.6; obsd. 

413.1 [M+H]+. 

5 

Example 75 
Preparation of Compound (75) 
Compound (75) was synthesized in a similar manner to compound (74) 
using A^2-aminoethyl)pyrroiidine. Retention time (anal, HPLC: 10-70% 
10 MeCN/H 2 0 over 5 min) = 3.23 min. ESMS (C 25 H 36 N 2 0 2 ): calcd. 396.6; obsd. 

397.2 [M+Hf. 

Example 76 
Preparation of Compound (76) 
15 Compound (76) was synthesized in a similar manner to compound (74) 

using 4-aminomethyIpiperidine. Retention time (anal. HPLC: 10-70% 
MeCN/H 2 0 over 5 min) = 3.1 min. ESMS (C 25 H 36 N 2 0 2 ): calcd. 396.6; obsd. 
397.2 [M+H] + . 

20 Example 77 

Preparation of Compound (77) 
Compound (77) was synthesized in a similar manner to compound (74) 
using A^^-dimethyl-l^-diaminopropane. Retention time (anal HPLC: 10-70% 
MeCN/H 2 0 over 5 min) « 3.1 min. ESMS (C 24 H 36 N 2 0 2 ): calcd. 384.6; obsd. 
25 384.9 [M] + . 
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Example 78 
Preparation of Compound (78) 
Compound (78) was synthesized in a similar manner to compound (74) 
using Af-methyl-2(2-aminoethyl)pyirolidine. Retention time (anal. HPLC: 10- 
5 70% MeCN/H 2 0 over 5 min) = 3.1 min. ESMS (C 26 H 3S N 2 0 2 ): calcd. 410.6; 
obsd,41L3 [M+Hf. 

Example 79 
Preparation of Compound (79) 

10 Compound (79) was synthesized in a similar manner to compound (74) 

using 4-(2-aminoethyl)pyridine. Retention time (anal. HPLC: 10-70% 
MeCN/H 2 0 over 5 min) * 3.1 min. ESMS (C 26 H 32 N 2 0 2 ): calcd, 404,6; obsd. 
405.0 [M+Hf. 

15 Example 80 

Preparation of Compound (80) 
Compound (80) was synthesized in a similar manner to compound (74) 
using jV-(3-aminopropyl)pyrrolidine. Retention time (anal. HPLC: 10-70% 
MeCN/H 2 0 over 5 min) = 3.2 min. ESMS (C 26 H 38 N 2 0 2 ): calcd. 410.6; obsd. 
20 41L3[M+H] + . 

The preparation of compounds (81)-(84) is illustrated in Scheme 11. 
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Scheme 1 1 




Example 81 

5 Preparation of Compound (81) 

A solution of compound (J) (0.5 g, 1.48 mmol) and Af-(2-aminoethyl)- 
morpholine (0.29 g, 2,22 mmol) in toluene (20 mL) was heated at 80°C for 1 h, 
and cooled to 0°C prior to addition of NaCNBH 3 (1 12 mg 5 1/78 mmol) and 
MeOH (10 mL). After stirring for 1 h at the same temperature, the reaction was 

10 quenched by adding AcOH (2 mL). The mixture was stirred for 5 min, and 
concentrated in vacuo, yielding oily residue. It was dissolved in 50% aqueous 
acetonitrile (5% TFA), and purified by preparative HPLC. The desired product 
was obtained as TFA salt (240 mg). Retention time (anal. HPLC: 10-70% 
MeCN/H 2 0 over 5 min) = 3.3 min. ESMS (C 2 3H 30 Cl 2 N 2 O 3 ): calcd. 453.4; obsd. 

15 453.0 [Mf. 

The intermediate compound (J) was prepared as follows, as illustrated in 
Scheme 4. 
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a. Using a procedure similar to that described in Example 9, sub- 
part a, except replacing the 2,6-dimethylphenol used therein with 2-chloro-6- 
rnethylphenol, compound (F) was prepared. R f - 0.91 in hexane/EtOAc (4/1). 
'H-NMR (CDjOD, 299.96 MHZ): d (ppm) 7,22*7.20 (dd, 2H), 7.18-7.12 (dd, 

5 12H), 7.01-6.98 (t, 2H), 5.49 (s ? 2H), 4.6 (s, 4H), 231 (s 5 6H). 

b. Preparation of compound (J). Using a procedure similar to that 
described in Example 9, sub-part b, except replacing the Compound (D) used 
therein with Compound (F), Compound (J) was prepared. l H-NMR (CD 3 OD, 
299.96 MHZ): d (ppm) 7.28-7.25 (dd, 2H)> 7.2-7,15 (dd, 2H), 7.08-7.0 (t, 2H), 

10 4.88 (s, 4H), 2.33 (s, 6H). 

Example 82 
Preparation of Compound (82) 
Compound (82) was synthesized in a similar manner to compound (81) 
15 using AyV-dimethyM ,3-diaminopropane. Retention time (anal. HPLC: 10-70% 
MeCN/H 2 0 over 5 min) = 3.1 min. ESMS (C 22 H 3a CI 2 N 2 0 2 ): calcd. 425.4; obsd. 
425.1 [Mf. 

Example 83 

20 Preparation of Compound (83) 

Compound (83) was synthesized in a similar manner to compound (81) 
using A^-(2-aminoethyl)pyrroltdine. Retention time (anal. HPLC: 10-70% 
MeCN/H 2 0 over 5 min) = 3.3 min. ESMS (C 2S H 30 Cl 2 N 2 O 2 ): calcd. 437.4; obsd. 
437.1 [Mf. 

25 

Example 84 
Preparation of Compound (84) 
Compound (84) was synthesized in a similar manner to compound (81) 
using A^-methyl-2-(2-aminoethyl)pyrrolidine. Retention time (anal. HPLC: 10- 
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70% MeCN/H 2 0 over 5 min) - 3,2 min. ESMS (C 24 H 32 CI 2 N 2 0 2 ): calcd. 45 1 .4; 
obsd. 451.2 [M] + . 



The preparation of compounds (85)-(91) is illustrated in Scheme 12. 



Scheme 12 




10 Example 85 

Preparation of Compound (85) 
A solution of compound (K) (0.4 g, L48 mmol, Example 8, sub-part b) 
and 4-aminomethylpiperidine (0.24 g, 2.1 mmol) in toluene (20 mL) was heated 
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at 80°C for 1 h, and cooled to 0°C prior to addition of NaCNBH 3 (105 mg, 1 .67 
mmol) and MeOH (10 mL). After stirring for 1 h at the same temperature, the 
reaction was quenched by adding AcOH (2 mL). The mixture was stirred for 
5 min, and concentrated in vacuo, yielding oily residue* It was dissolved in 50% 
5 aqueous acetonitrile (5% TFA), and purified by preparative HPLC. The desired 
product was obtained as TFA salt (310 mg). Retention time (anaL HPLC: 10- 
70% MeCN/H 2 0 over 5 min) = 2.95 min. ESMS (C 23 H 32 N 2 0 2 ): calcd. 368.5; 
obsd, 368.9 [M] + . 

10 Example 86 

Preparation of Compound (86) 
Compound (86) was synthesized in a similar manner to compound (85) 
using A r -(2-aminoethyl)morpholine, Retention time (anal. HPLC: 10-70% 
MeCN/H 2 0 over 5 min) = 3.05 min. ESMS (C 2 jH J2 N 2 0 3 ): calcd. 384.5; obsd. 
15 385.2 [M+H] + . 

Example 87 
Preparation of Compound (87) 
Compound (87) was synthesized in a similar manner to compound (85) 
20 using 4-(2-aminoethyl)pyridine. Retention time (anal HPLC: 10-70% 

MeCN/H 2 0 over 5 min) = 2.95 min. ESMS (C 24 H 28 N 2 0 2 ): calcd. 376.5; obsd. 
377.1 [M+H]\ 

Example 88 

25 Preparation of Compound (88) 

Compound (88) was synthesized in a similar manner to compound (85) 
using A^2-aminoethyl)pyrrolidine. Retention time (anaL HPLC: 10-70% 
MeCN/H 2 0 over 5 min) - 3.1 min. ESMS (C 23 H 32 N 2 0 2 ); calcd. 368.5; obsd. 
368.9 [M] + . 

30 
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Example 89 
Preparation of Compound (89) 
Compound (89) was synthesized in a similar manner to compound (85) 
using A r -methyl-2-(2-aminoethyl)pyrrolidine. Retention time (anal. HPLC: 10- 
5 70% MeCN/H 2 0 over 5 min) = 3,0 min. ESMS (C 24 H 34 N 2 0 2 ): calcd, 382.5; 
obsd. 383.1 [M+H]\ 

Example 90 
Preparation of Compound (90) 
10 Compound (90) was synthesized in a similar manner to compound (85) 

using 2-aminomethylpyridine. Retention time (anal, HPLC: 10-70% MeCN/H 2 0 
over 5 min) = 3.95 min. ESMS (C 23 H 26 N 2 0 2 ); calcd. 362,5; obsd. 363.2 [M+H] + . 



Example 91 

15 Preparation of Compound (91) 

Compound (91) was synthesized in a similar manner to compound (85) 
using //^-dimethyl- 1 ,3-diaminopropane. Retention time (anal. HPLC: 10-70% 
MeCN/H 2 0 over 5 min) = 2,9 min. ESMS (C 22 H 32 N 2 0 2 ): calcd. 356.5; obsd. 
357.2 [M+H] + . 

20 The preparation of compound (92) is illustrated in Scheme 13. 
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Scheme 13 




Example 92 

5 Preparation of Compound (92) 

To a solution of 2-methy1-2-(2 > -methylphenyloxymethyl)aziridine (200 
mg, 1.13 mmole) and 5,5-diphenylhydantoin (310 mg, L13 mmole) in DMF 
(2 mL) was added cone. HC1 (0,04 mL). The reaction mixture was shaken and 
heated at 70°C for 1 2 h. It was worked up by concentration in vacuo, and the 
10 residue was purified by preparative reversed-phase HPLC to afford AMI 14762. 
Retention time (anaL HPLC: 10-70% MeCN/H 2 0 over 5 min) = 3.56 tnin, 
ESMS (C 26 H 27 N 3 0 3 ): calcd. 429.51; obsd. 430,3 [M+H] + . 



Example 93 

15 Determination of Sodium Channel Activity 

A. Measurement of Sodium Channel Activity in Neonatal Rat Cerebellar 
Granule Neurons 

1. Primary culture of rat cerebellar granule neurons : 
20 Primary cultures of cerebellar granule neurons were prepared as 

described by Gallo et aL, J. Neurochem ^ 54, 1619-25 (1990). Cerebella were 
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dissected from 7 to 8 day-old Sprague-Dawley rats and cut into pieces using a 
Mcllwain tissue chopper. Tissue pieces were incubated with 0.025% trypsin in 
Hanks Balanced Salt Solution (HBSS) for 10 min at 25 "C. Following enzyme 
treatment, the tissue pieces were resuspended in HBSS buffer containing 
5 L25 mg/ml soybean trypsin inhibitor and 0.006% DNase and dissociated 
mechanically by trituration with a fire-polished glass pipette. The cell 
suspension then was centrifiiged at 1000 g for 5 minutes, the supernatant 
discarded and the pellet resuspended in DMEM/F12 supplemented with 10% 
fetal bovine serum, 30 mM glucose, 25 mM KC1, 2 mM glutamine, N2 

10 supplement and penicillin (20 U/ml)-streptomycin (20 mg/ml). Cells were 

plated in 96-well poly-D-lysine-coated black wall-clear bottom culture plates at a 
concentration of 1-2 x 10 5 cells/well Cells were maintained at 37*C in an 
atmosphere containing 5% C0 2 . After 18-24 hours, cytosine arabinoside (10 \iM 
final concentration) was added, to inhibit replication of non-neuronal cells. 

1 5 All experiments were performed using cultures maintained for 4-6 days 

in vitro (4-6 DIC). In general, the compounds of the invention demonstrated 
activity in this test. 

B, Analysis of sodium channel activity in rat cerebellar granule neurons using 

20 the fluorescent imaging plate reader (FLIPR) : 

To measure sodium channel activity, veratridine-evoked increases in 
intracellular CA 2+ ([Ca 2+ ]j) in fluo-3/AM loaded cerebellar granule neurons were 
monitored, in real-time, using the FLIPR (Molecular Devices, Sunnyvale, CA) + 
Cerebellar granule neurons, at 4-6 DIC, were incubated with 4 n,M fluo-3/AM in 

25 DMEM/F12 medium containing 0.04% pluronic acid for 1-2 hours at 37*C. The 
neurons then were washed three times with HBSS. The plates were transferred 
to the FLIPR and the cells incubated for 5 minutes in HBSS, in the absence 
(control) or presence of antagonist, prior to addition of veratridine (30 \*M). Cell 
fluorescence (X Ex = 488 nra; X Em = 540 run) was monitored both before and after 

30 the addition of veratridine. Peak fluorescence intensity, after veratridine 
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addition, was determined using the FLIPR software. Curve fitting and parameter 
estimation (plC 50 ) were performed using GraphPad, Stock solutions (10 mM) of 
compounds were made in 100% DMSO. 

In general, compounds of the invention have an IC 50 of less than 100 \iM 
5 in this assay, which demonstrates their activity as sodium channel blocking 

agents. Sodium channel blocking agents have been demonstrated to be clinically 
effective as local anesthetics, antiarrhythmics and anticonvulsants, and in the 
treatment of many types of chronic, in particular, neuropathic pain. (See, for 
example, Hunter J.C. and Loughhead D., Curr. Opin. Invest. Drugs 1999, 1, 72- 
10 81.) Sodium channel blockers/modulators also provide neuroprotection and are 
useful in treatment of migraine (Denyer et al Drug Discovery Today, 1998, 3, 
323-332,) Compounds of the invention, therefore, are expected to have efficacy 
for treating neuropathic pain or other diseases or conditions associated with 
sodium channel activity. 

15 

Example 94 
In Vivo Pain Model 
The ability of an agent or a combination of agents to treat pain can be 
determined using known pharmacological models (for example see Kim, S.H. 
20 and Chung, J.M., Pain, 1992, 50, 355-363), or using models that are similar to 
known models. 

Male Sprague-Dawley rats (120-180 g, Harlan, Indianapolis, IN) are pre- 
screened to determine their baseline 50% withdrawal threshold using a set of von 
Frey filaments. The 50% withdrawal threshold for mechanical stimulation to the 
25 hind paw is determined by the up-down method described by Dixon W.J., Ann. 
Rev. Pharmacol. Toxicol., 1980, 20, 441-462. 

Briefly, 8 von Frey filaments with approximately equal logarithmic 
incremental (0,22) bending forces are chosen (von Frey numbers: 3.65, 3.87, 
4.10, 4.31, 4.52, 4.74, 4.92, and 5.16; equivalent to: 0.45, 0.74, 1.26, 2.04, 331, 
30 5.50, 8.32, and 14.45 g), A von Frey filament is applied perpendicularly to the 
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plantar surface with sufficient force to bend it slightly and held for 3-5 seconds. 
An abrupt withdrawal of the foot during stimulation or immediately after the 
removal of stimulus is considered a positive response. 

Whenever there is a positive or negative response, the next weaker or 
5 stronger filament is applied, respectively. The test is continued until six stimuli 
after the first change in response has been obtained. The pattern of positive and 
negative responses is converted into a 50% threshold value using the following 
formula: 50% threshold = 10 A (X + kd) / 10*4, where X - the value of the final 
von Frey filament used (in log units), k = the tabular value for the pattern of 

10 positive/negative responses [obtained from Dixon], and d = the mean difference 
between stimuli in log units (0.22). In the cases where continuous positive or 
negative responses are observed all the way out to the end of the stimulus 
spectrum, values of 0,3 g or 1 5.0 g are assigned, respectively. For ED 50 
calculations, a linear regression is determined for responses one either side of the 

15 50% reversal and then an approximation is determined based upon the value 
which intersects the 50% point. 

After pre-screening, rats which display a 50% withdrawal threshold 
greater than 8 g are acceptable for surgery* The spinal nerve ligation (SNL) 
surgery is carried out as follows. Rats are anesthetized with inhaled Isoflurance 

20 and the left L5 and L6 spinal nerves are tightly ligated with 6-0 silk thread. 
Postoperatively, rats are placed under a heat lamp until motor function returns 
and then single-housed. At 5-7 days post surgery, rats are re-tested to determine 
their post-surgery 50% withdrawal threshold. Rats which consistently display (2 
or more days) a 50% withdrawal threshold less than 4.5 g are considered 

25 acceptable for compound investigation. 

Experimental studies typically involve one or more therapeutic 

compounds, a standard (control), and a vehicle group. Compounds are 

formulated in saline for injection and pH adjusted with dilute sodium hydroxide. 

Groups sizes are normally 5 or 6 rats. For routine screening of compounds, a 

30 single dose is used (normally 30 mg/kg) and the compound is administered 

■ 
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intraperitoneally (typically 2-4 ml/kg). At 1 , 3, and 6 hours post administration, 
the 50% withdrawal threshold is determined by an investigator who is blinded to 
the treatment groups. If at 6 hours, some prolonged activity is present, i.e., 50% 
withdrawal thresholds greater than 8 g, then later timepoints may be attempted 
5 (normally at 12 and 24 hours). Compounds can also be administered orally to 
determine oral activity. 

Compounds 1-6, 8, 11, and 79 were tested in this model at an 
intraperitoneal dose of approximately 30 mg/kg. Results for compound 1 
demonstrated effectiveness for treating pain; compounds 3, 5, and 11 showed 
10 some activity and compounds 2, 4, 6, 8, and 79 were not active in this model at 
the tested dose. 

While the present invention has been described with reference to the 
specific embodiments thereof, it should be understood by those skilled in the art 
that various changes may be made and equivalents may be substituted without 

15 departing from the true spirit and scope of the invention. In addition, many 

modifications may be made to adapt a particular situation, material, composition 
of matter, process, process step or steps, to the objective, spirit and scope of the 
present invention. All such modifications are intended to be within the scope of 
the claims appended hereto. Additionally, all publications, patents, and patent 

20 documents cited hereinabove are incorporated by reference herein in full, as 
though individually incorporated by reference, 
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Claims 

What is claimed is: 

1 . A compound of formula (I); 

R ! O R 2 X R 3 

CO 

5 wherein: 

R t is aryl; 

R 2 is a group of formula (A): 

R7 (A 20 )n 

(H) 

10 wherein: 

A|, A 2 , and A 2£ > are each independently alkylene or substituted alkylene; 
n is 0 or I; 

R 7 is hydrogen, alkyl, or substituted alkyl; 

R 8 is NR 10 R n , wherein each of R 10 and R tl is independently hydrogen, 
1 5 alkyl, or substituted alkyl; and 

X is oxygen and R 3 is aryl, heteroaryl, cycloalkyl, substituted cycloalkyl, 
heterocycle, alkyl, or substituted alkyl; or 

X is a direct bond and R 3 is an N-linked heteroaryl or an N-linked 
heterocycle; 

20 wherein any aryl of R r R 3 can optionally be substituted with from I to 5 

substituents R g ; wherein each R g is independently selected from the group 
consisting of hydroxy, alkyl, substituted alkyl, alkoxy, cycloalkoxy, substituted 
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cycloalkoxy, methanediol, ethanediol, cycloalkyl, substituted alkyl, substituted 
alkoxy, substituted cycloalkyl, amino, substituted amino, aryl, aryloxy, carboxy, 
carboxylalkyl, carboxyl(substituted alkyl), cyano, halo, nitro, heteroaryl, 
heteroaryloxy, heterocyclic, heterocyclooxy, heteroaryl and trihalomethyl; 
5 and wherein any heteroaryl of R 2 -R 3 can be optionally substituted with 1 

to 5 substituents R h , wherein each R h is independently selected from the group 
consisting of hydroxy, alkyl, alkoxy, substituted alkoxy, cycloalkoxy, substituted 
cycloalkoxy, substituted alkyl, arylalkyl, heteroarylalkyl, heterocyclealkyl, 
substituted cycloalkyl, amino, substituted amino, aryl, aryloxy, carboxyl, 
10 carboxylalkyl, carboxyl(substituted alkyl), cyano, halo, nitro, heterocyclic, and 
trihalomethyl. 

or a pharmaceutical^ acceptable salt thereof 

2. The compound of claim 1 wherein R, is aryl optionally substituted with 
1 5 one or more halo or alkyl, 

3. The compound of any one of claims 1 -2 wherein halo is fluoro or chloro. 

A. The compound of claim 1 wherein R t is 2-methyiphenyl, 2-chloro-6- 
20 methylphenyl, 2,4,6-trifluorophenyl, 2,6-dimethylphenyl, or 2,4-dimethylphenyl. 

5. The compound of any one of claims 1-4 wherein A { is methylene or 1 , 1 - 
ethanediyL 

25 6. The compound of any one of claims 1-5 wherein A 2 is methylene. 

7. The compound of any one of claims 1-6 wherein R 7 is hydrogen, 

8, The compound of any one of claims 1-6 wherein R 7 is methyl, 

30 
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9. The compound of any one of claims 1-8 wherein R g is amino. 

10. The compound of any one of claims 1-9 wherein n is 0. 

5 11. The compound of any one of claims 1-10 wherein R (0 is hydrogen, 

12. The compound of any one of claims 1-1 1 wherein R n is hydrogen- 

13* The compound of any one of claims 1-1 1 wherein R n is heterocyclealkyl, 
10 heteroarylalkyl, or alkyL 

14, The compound of any one of claims 1-11 wherein R n is 2- 
morpholinoethyl, 2-(pyrrolidin-l-yl)ethyl, 4-piperidinylmethyl, 3-(N,N- 
dimethyiamino)propyl, 2-(l-methyl-pyrrolidin-2-yl)ethyl, 2-(4-pyridyl)ethyl, or 

1 5 3-(pyrrolidin-l-yl)propyI. 

15. The compound of claim 1 wherein R 2 is a group of the formula: 



20 
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16. The compound of any one of claims 1-15 wherein X is a direct bond and 
R 3 is 3,5-dirnethylpyrazoM-yl, 2-phenylimidazol- 1 -yU 2-ethylimidazoM -yl, 1* 
benzimidazolyl, 4-(methoxycarbonyl)imidazol-l-yl, 4-methyl-2-ethylimidazol-l - 

5 yl, or 4-phenyl-l -imidazol-l-yl. 

17. The compound of any one of claims 1-15 wherein X is oxygen and R 3 is 
3,5-dichlorophenyl, 2-thien-2-ylethyl > 4-methyIbenzyl, 4-methoxyphenethyl, 4- 
methylphenethyl, 3-(benzyloxy)propyl, 2-[3-(6-methylpyrid-2- 

10 yl)propyloxy]ethyl, 2-(ethoxy)ethyl, 3-(ethoxy)propyi, benzyl, 

cyclopropylmethyl, 4-(butoxy)benzyl, 2-(cyclohexyloxy)ethyl, pentyl, 3- 
phenylpropyl, 2-[2-(ethoxy)ethoxy]ethyl, 2-phenylbenzyI, 3-(N t N- 
dimethyl)propyl, terr-butyl, 2-(phenoxy)ethyl, 2-(pyrid-4-yl)ethyl, 2- 
methylphenyl, 2-chloro-6-methylphenyl, 2,4,6- trimethylphenyl, 2,6- 

15 dimethylphenyl^ 2,4-dimethylphenyl, 3,4-methylenedioxy)benzyl, 3-{pyrid-3- 
yl)propyl, or 4-(A^A^dimethyl)phenethyL 

18. The compound of claim 1 which is a compound of formula (HI): 




(III) 
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wherein 

A 6 and A 7 are each independently alkylene or substituted alkylene; 
each R 20 is independently halo, alkyl, substituted alkyl, aryl, alkoxy, 
substituted alkoxy, cycloalkoxy, substituted cycloalkoxy, trifluoromethyl, cyano, 
5 nitro, hydroxy, NR 4 R 5 , or C0 2 R*; 

R 2 , is hydrogen, alkyl, or substituted alkyl; 

each R 22 is independently halo, alkyl, substituted alkyl, aryl, heteroaryl, 
cycloalkyl, substituted cycloalkyl, heterocycle, alkoxy, substituted alkoxy, 
cycloalkoxy, substituted cycloalkoxy, trifluoromethyl, cyano, nitro, hydroxy, 
10 NR 4 R 5 , or C0 2 R^; 

y isO, 1, 2, 3, 4, or 5; 

z is 0, 1, 2, 3, 4, or 5; and 

R 4 -R 6 are each independently hydrogen, alkyl, or substituted alkyl; 
wherein any aryl of A 6 , A 7 , R20-R22 an ^ ^4*^6 can optionally be 
1 5 substituted with from 1 to 5 substituents R g ; wherein each R g is independently 
selected from the group consisting of hydroxy, alkyl, substituted alkyl, alkoxy, 
cycloalkoxy, substituted cycloalkoxy, rnethanediol, ethanediol, cycloalkyl, 
substituted alkyl, substituted alkoxy, substituted cycloalkyl, amino, substituted 
amino, aryl, aryloxy, carboxy, carboxylalkyl, carboxyl(substituted alkyl), cyano, 
20 halo, nitro, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, heteroaryl 
and trihalornethyl; 

and wherein any heteroaryl of A 6 , A 7 , R 20 -R 22 and R 4 -R 6 can be optionally 
substituted with 1 to 5 substituents F^, wherein each R h is independently selected 
from the group consisting of hydroxy, alkyl, alkoxy, substituted alkoxy, 
25 cycloalkoxy, substituted cycloalkoxy, substituted alkyl, arylalkyl, 

heteroarylalkyl, heterocyclealkyl, substituted cycloalkyl, amino, substituted 
amino, aryl, aryloxy, carboxyl, carboxylalkyl, carboxyl(substituted alkyl), cyano, 
halo, nitro, heterocyclic, and trihalomethyL 

or a pharmaceutically acceptable salt thereof. 
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19. The compound of claim 18 or 19 wherein A 6 is methylene or 1,1- 
ethanediyl, 

20. The compound of claim 1 8 or 1 9 wherein A 7 is methylene, 

5 

2 1 . The compound of any one of claims 1 8-20 wherein each R 20 is 
independently alkyl, substituted alkyl, alkoxy, substituted alkoxy, cyano, 
trifluoromethyl, halo, or NR 4 R 5 . 

1 0 22, The compound of any one of claims 1 8-21 wherein R 2l is hydrogen or 
methyl 



23, The compound of any one of claims 18-22 wherein each R 22 is 
independently alkyl, substituted alkyl, alkoxy, cyano, trifluoromethyl, halo, or 

15 NR 4 R 5 . 

24, The compound of claim 1 which is a compound of formula (IV): 




(IV) 



20 wherein 

A 8 and A 9 are each independently alkylene or substituted alkylene; 

each R 23 is independently halo, alkyl substituted alkyl, aryl, heteroaryl, 
cycloalkyl, substituted cycloalkyl, heterocycle, alkoxy, substituted alkoxy, 
cycloalkoxy, substituted cycloalkoxy, trifluoromethyl, cyano, nitro, hydroxy, 
25 NR4R5, or C0 2 R 6 ; 

R 24 is hydrogen, alkyl, or substituted alkyl; 
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R 25 is alkyl, substituted alkyl, aryl, heteroaryl, cycloalkyl, substituted 
cycloalkyl, or heterocycle; 

d is 0, 1, 2, 3, 4, or 5; and 

R 4 -R 6 are each independently hydrogen, alkyl, or substituted alkyl; 
5 wherein any aryl of A 8 , A 9 , R 23 *R 2 5 an ^ R 4 -R 6 ean optionally be 

substituted with from 1 to 5 substituents R g ; wherein each R g is independently 
selected from the group consisting of hydroxy, alkyl, substituted alkyl, alkoxy, 
cycloalkoxy, substituted cycloalkoxy, methanediol, ethanediol, cycloalkyl, 
substituted alkyl, substituted alkoxy, substituted cycloalkyl, amino, substituted 
10 amino, aryl, aryloxy, carboxy, carboxylalkyl, carboxyl(substituted alkyl), cyano, 
halo, nitro, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, heteroaryl 
and trihalomethyl; 

and wherein any heteroaryl of A g , A 9 , R23-R25 and R 4 -R^ can be optionally 
substituted with 1 to 5 substituents R h , wherein each R h is independently selected 

15 from the group consisting of hydroxy, alkyl, alkoxy, substituted alkoxy, 
cycloalkoxy, substituted cycloalkoxy, substituted alkyl, arylalkyl, 
heteroarylalkyl, heterocyclealkyl, substituted cycloalkyl, amino, substituted 
amino, aryl, aryloxy, carboxyl, carboxylalkyl, carboxyl(substituted alkyl), cyano, 
halo, nitro, heterocyclic, and trihalomethyL 

20 or a pharmaceutical^ acceptable salt thereof 

25. The compound of claim 24 wherein A g is methylene. 



26. The compound of any one of claims 24*25 wherein A,, is methylene. 

25 

27. The compound of any one of claims 24-26 wherein each R 23 is 
independently alkyl, substituted alky!, alkoxy, substituted alkoxy, cyano, 
trifluoromethyl, halo, orNR 4 R 5 , 
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28. The compound of any one of claims 24-27 wherein R 24 is hydrogen or 
methyl 

29. The compound of any one of claims 24-28 wherein R 25 is 2- 

5 morpholinoethyl, 2-(pyrrolidin-l-yl)ethyl, 4-piperidinylmethyl, 3-(N t N- 

dimethylamino)propyU 2-(l-methyl-pyrroIidin-2-yl)ethyl, 2~(4-pyridyl)ethyl, 3- 
(pyrrolidine l-yl)propyl, 2-[2^(ethoxy)ethoxy]ethyl, 3-(ethoxy)propyl, benzyl, 
cyclopropylmethyl, 2-(l-methylpyrrolidin-2-yl)ethyl, 2-(pyrid-4-yl)ethyl, 3- 
(pyrrolidin-l-yl)propyl, pentyl, 3-phenylpropyl, 3 > 4-(methylenedtoxy)benzyl, 3- 
10 (pyrid-3-yl)propyl, 4-(A r ,A r -dimethyl)phenethyl, 4-(butoxy)benzyl, 2- 

(cyclohexyloxy)ethyl, 3,5-dichlorophenyl, 2-(thien-2-yl)ethyl, 4-methylbenzyl, 2- 
phenylbenzyl, 3-(N, 7V-dimethyl)propyl, /er/-butyl, 2-{phenoxy)ethyl, 2-[3-(6- 
methylpyrid-2-yl)propyloxy]ethyU 2-(ethoxy)ethyl, 
4-methoxyphenethyl, 4-methylphenethyl, or 3-(benzyloxy)propyl. 

15 

30. The compound of claim 1 which is a compound of formula (V): 




wherein 

20 A 10 and A n are each independently alkylene or substituted alkylene; 

each R 26 is independently halo, alkyl, substituted alkyl, aryl, heteroaryl, 
cycloalkyl, substituted cycloalkyl, heterocycle, alkoxy, substituted alkoxy, 
cycloalkoxy, substituted cycloalkoxy > trifluoromethyl, cyano, nitro, hydroxy, 
NR 4 R 5 , or COjRt; 
25 R 27 is hydrogen, alkyl, or substituted alkyl; 

R 28 is an N-linked heteroaryl or an N-linked heterocycle; 
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t is 0, 1,2, 3, 4, or 5; and 

R^-R* are each independently hydrogen, alkyl, or substituted alkyl; 

wherein any aryl of A 10 , A, ( , R 26 -R2s an< * can optionally be 

substituted with from 1 to 5 substituents R^ wherein each R g is independently 
5 selected from the group consisting of hydroxy, alkyl, substituted alkyl, alkoxy, 
cycloalkoxy, substituted cycloalkoxy, methanediol, ethanediol, cycloalkyl, 
substituted alkyl, substituted alkoxy, substituted cycloalkyl, amino, substituted 
amino, aryl, aryloxy, carboxy, carboxylalkyl, carboxyl(substituted alkyl), cyano, 
halo, nitro, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, heteroaryl 
1 0 and trihalomethyl; 

and wherein any heteroaryl of A, 0 , A M , R 2 6-R 2 s 311(1 can be 
optionally substituted with 1 to 5 substituents R h , wherein each R h is 
independently selected from the group consisting of hydroxy, alkyl, alkoxy, 
substituted alkoxy, cycloalkoxy, substituted cycloalkoxy, substituted alkyl, 
15 arylalkyl, heteroarylalkyl, heterocyclealkyl, substituted cycloalkyl, amino, 

substituted amino, aryl, aryloxy, carboxyl, carboxylalkyl, carboxyl(substituted 
alkyl), cyano, halo, nitro, heterocyclic, and trihalomethyL 

or a pharmaceutical ly acceptable salt thereof 

20 31. The compound of claim 30 wherein A m is methylene. 

32. The compound of any one of claims 30-3 1 wherein A n is methylene. 

33. The compound of any one of claims 30-32 wherein each R 26 is 
25 independently alkyl, substituted alkyl, alkoxy, substituted alkoxy, cyano, 

trifluoromethyl, halo, or NR 4 R 5 . 

34. The compound of any one of claims 30-33 wherein R 27 is hydrogen or 
methyh 

30 
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10 



15 



20 



35. The compound of any one of claims 30-34 wherein R 2g is 3,5- 
dimethylpyrazol-l-yl, 2-phenylimidazoM-yl, 2-ethylimidazoM-yl, 1- 
benzimidazolyl, 4-(methoxycarbonyl)imi dazol- 1 -yl, 4-methyl-2-ethylimidazol- 1 - 
yl, or 4-phenyI-l-imidazol-l-yL 

36. The compound of claim 1 which is a compound of formula (VI): 



A l2 and A B are each independently alkylene or substituted alkylene; 

each R 29 is independently halo, alkyl, substituted alky], aryl, heteroaryl, 
cycloalkyl, substituted cycloalkyl, heterocycle, alkoxy, substituted alkoxy, 
cycloalkoxy, substituted cycloalkoxy, trifluoromethyl, cyano, nitro, hydroxy, 
NR 4 R 5 , or C0 2 R 6 ; 

each R 30 is independently halo, alkyl, substituted alkyl, aiyl, heteroaryl, 
cycloalkyl, substituted cycloalkyl, heterocycle, alkoxy, substituted alkoxy, 
cycloalkoxy, substituted cycloalkoxy, trifluoromethyl, cyano, nitro, hydroxy, 
NR 4 R 5 , or C0 2 R 6 ; 

R 3l is hydrogen, alkyl, or substituted alkyl; 

R 32 is alkyl, substituted alkyl, aryl, heteroaryl, cycloalkyl, substituted 
cycloalkyl, or heterocycle; 

risO, 1,2, 3, 4, or 5; 
qisO, 1,2, 3,4, or 5; and 

R 4 -R 6 are each independently hydrogen, alkyl, or substituted alkyl; 
wherein any aryl of A 12 , A u , R 29 -R 32 and R 4 -R* can optionally be 
substituted with from 1 to 5 substituents R g ; wherein each Rg is independently 




(VI) 



wherein 
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selected from the group consisting of hydroxy, alkyl, substituted alkyl, alkoxy, 
cycloalkoxy, substituted cycloalkoxy, methanediol, ethanediol, cycloalkyl, 
substituted alkyl, substituted alkoxy, substituted cycloalkyl, amino, substituted 
amino, aryl, aryloxy, carboxy, carboxylalkyl, carboxyl(substituted alkyl), cyano, 
5 halo, nitro, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, heteroaryl 
and trihalomethyl; 

and wherein any heteroaryl of A l2 , A l3 , R 2 9-R 32 and R4-R* can be 
optionally substituted with 1 to 5 substituents R h , wherein each R h is 
independently selected from the group consisting of hydroxy, alkyl, alkoxy, 
10 substituted alkoxy, cycloalkoxy, substituted cycloalkoxy, substituted alkyl, 
arylalkyl, heteroarylalkyl, heterocyclealkyl, substituted cycloalkyl, amino, 
substituted amino, aryl, aryloxy, carboxyl, carboxylalkyl, carboxyl (substituted 
alkyl), cyano, halo, nitro, heterocyclic, and trihalomethyl. 

or a pharmaceutical^ acceptable salt thereof 

15 

37. The compound of claim 36 wherein A I2 is methylene or 1,1-ethanediyl. 

38. The compound of any one of claims 36-37 wherein A n is methylene. 

20 39, The compound of any one of claims 36-38 wherein each K 29 is 
independently alkyl, substituted alkyl, alkoxy, substituted alkoxy, cyano, 
trifluoromethyl, halo, or NR 4 R 5 , 

40, The compound of any one of claims 36-39 wherein each R 30 is 
25 independently alkyl, substituted alkyl, alkoxy, substituted alkoxy, cyano, 

trifluoromethyl, halo, or NR 4 R 5 . 

41 . The compound of any one of claims 36-40 wherein R 31 is hydrogen or 
methyl 

30 
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42. The compound of any one of claims 36-41 wherein R 32 is 2- 
morpholinoethyl, 2-(pyrrolidin-I-yl)ethyl, 4-piperidinylmethyl, 3-(N>N- 
dimethylamino)propyl, 2-(l-methyl-pyrrolidin-2-yl)ethyl ? 2-(4-pyridyl)ethyl, or 
3 -(pyrrolidin- 1 -y!)propyl , 

5 

43. The compound of claim 1, which is a compound shown in Tables I-XI; or 
a pharmaceutical ly acceptable salt thereof 

44. A pharmaceutical composition comprising a compound as described in 
] 0 any one of claims 1-43; and a pharmaceutical^ acceptable carrier. 

45. A method of treating a disease or condition associated with sodium 
channel activity in a mammal, comprising administering to the mammal, a 
therapeutically effective amount of a compound as described in any one of 

15 claims 1-43. 

46. The method of claim 45 wherein the disease or condition is neuropathic 
pain. 

20 47. A method of treating a disease or condition associated with sodium 
channel activity in a mammal, comprising administering to the mammal, a 
therapeutically effective amount of a pharmaceutical composition of claim 44. 

48. The method of claim 47 wherein the disease or condition is neuropathic 
25 pain. 

49. A compound as described in anyone of claims 1-43 for use in medical 
therapy or diagnosis. 
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50. The use of a compound as described in any one of claims 1-43 in the 
manufacture of a formulation or medicament for treating a disease or condition 
associated with sodium channel activity in a mammal 

5 51. The use of claim 50 wherein the disease or condition is neuropathic pain. 



.0205721 5A2_I_> 



107 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
25 July 2002 (25*07.2002) 




PCT 



(10) International Publication Number 

WO 02/057215 A3 



<5I) International Patent Classification 7 : C07C 217/32, 

217/34, C07D 231/12, 233/61, 235/06, 213/30, 233/76, 
A6IK 31/135, 31/33, A61P 25/00 

(21) International Application Number: PCT/US02/0L3Q7 

(22) International Filing Date: 15 January 2002 (15.01.2002) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/262,110 



1 6 January 2001 (1 6.0 1 .2001 ) US 



(71) Applicant (for all designated States except US)t AD- 
VANCED MEDICINE, INC. [US/US); 901 Gateway 
Boulevard, South San Francisco, CA 94080 (US). 

(71) Applicants and 

(72) Inventors: CHOI»Seofc-Ki [KR/US]; 839 University Av- 
enue, Palo Alto, CA 94301 (US). FAT H£ REE, Paul, R. 
[US/US); 921 Minnesota Street, San Francisco, CA 94107 
(US). GREEN, David, C. [US/US]; 105 Esplanade Av- 
enue, #59, Pacirica, CA 94044 (US). MARQUESS, Daniel 
[GB/USJ; 2037 Touraine Lane, Half Moon Bay, CA 94019- 
L444 (US). 

(74) Agent: VIKSNINS, Ann, S.; Schwegman, Lundberg, 
Woessner & KJuth, P.O. Box 2938, Minneapolis, Min- 
nesota 55402 (US). 



(SI) Designated States (national): AE, AG, AL, AM, AT, AU, 

AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, Fl, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VN, YU, ZA, ZM, ZW 

(S4) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patenl (AT, BE, CH, CY, DE, DK, ES, FT, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CT, CM, GA, GN, GQ, GW, ML, MR, 
NE, SK TD, TG). 

Published: 

— with international search report 

— be/ore the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

10 October 2002 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



in 

IT) 



(54) Title: SODIUM CHANNEL MODULATORS 

(57) Abstract: The invention provides sodium channel modulating compounds which are useful for treating diseases or conditions 
associated with sodium channel activity, such as neuropathic pain. The invention also provides pharmaceutical compositions com- 
prising a compound of the present invention, as well as therapeutic methods comprising administering such a compound or salt to a 
mammal (e.g. a human). 



3KSDOCIO: <WO. 



1 0205721 5A3J_> 



INTERNATIONAL SEARCH REPORT I ,! ^« onal Application No 

PUT/US 02/01307 



A. CLASSIFICATION OF SUBJECT MATTER , . _ _ , 

IPC 7 C07C217/32 C07C217/34 C07D231/12 C07D233/61 C07D235/06 
C07D213/30 C07D233/76 A61K31/135 A61K31/33 A61P25/00 

According to International Patent Classification (IPC) or to both national classification and IPO 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C07C C07D A61K 



Documentation searched other than minimum documentation to the extent that such documents are Included in the fields searched 



Electronic data base consulted during the inlemalional search (name of data base and, where practical, search terms used) 

EPO-Internal , CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ■ Citation of document, with indication, where appropriate, of the relevant passages 



EP 0 145 303 A (0N0 PHARMACEUTICAL CO) 
19 June 1985 (1985-06-19) 



pages 14,15,44; page 45, table (II), 
compounds No. 9,10; claims 1,12,14,15 

FR 2 496 653 A (DELALANDE SA) 

25 Oune 1982 (1982-06-25) 

page 19; claim 25; example 7; table 1 

JOURNAL OF MEDICINAL CHEMISTRY. , 

vol. 22, no. 4, 1979, pages 441-449, 

XP002208147 

WASHINGTON US 

page 448, column 1; table II 

-/-- 



Relevant lo claim No. 



1-13,15, 
18-28, 
43,44, 
49-51 



1-13, 
30-34 



1-13, 
36-41 



m 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents : 

'A* document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earner document but published on or after the international 

tiling date 

V document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason {as specified} 

'Or document referring to an oral disclosure, use, exhibition or 
other means 

'P' document published prior to the international filing date but 
later than the priority date claimed 



T' later document published after the international filing date 
or priority date and not in conflict with the appircation but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y' document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



31 July 2002 



Date of mailing of the International search report 



21/08/2002 



Name and mailing address of the ISA 

European Patent Office, F>.B. 5818 Patentlaan 2 
NL-~2280 HV Rgswijk 
Tel. (+31-70) 340-2040. Tx, 31 651 epo nf, 
Fax: {+31-70) 340-3016 



Authorized officer 



Rufet, 0 



Forni PCT71SA/210 (second sheet) (July 1992) 



page 1 of 2 



BNSDOCID: <WO_ 



_020572t5A3j_=. 



INTERNATIONAL SEARCH REPORT 



??T/US 02/01307 



C.<CoMinuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication P where appropriate, of the relevant passages 



Relevant to claim No. 



US 4 140 779 A (FERLAND JEAN-MARIE ET AL) 
20 February 1979 (1979-02-20) 



claims 1-14; examples 1-14 



17, 



CHEMICAL ABSTRACTS, vol. 87, no. 
24 October 1977 (1977-10-24) 
Columbus, Ohio, US; 
abstract no. 135165z, 
BENIGNI, F. ET AL. : "Derivatives of 
1 , 3-bi s( 3 , 4-methy 1 enedl oxyphenoxy )propane 
and their anti spastic activity." 
page 713; column 2; 
XP002208148 
abstract 

& FARMAC0 , ED. SCI. , 

vol. 32, no. 7, 1977, pages 502-511, 

CHEMICAL ABSTRACTS, vol. 61, no. 6, 
14 September 1964 (1964-09-14) 
Columbus, Ohio, US; 
abstract no. 6942c, 

V. DAUKSAS AND AL. : "Synthesis of new 

aryloxy derivatives of N-substituted 

propylamines and ethyl enedi amines. " 

page 6941; column 2; 

XP002208149 

abstract 

& ZH. VSES. KHIM. OBSHCHESTVAIM. D. I. 
MENDELEEVA, 

vol. 9, no. 3, 1964, pages 352-354, 

CHEMICAL ABSTRACTS, vol. 70, no. 9, 

3 March 1969 (1969-03-03) 

Columbus, Ohio, US; 

abstract no. 37625d, 

DAUKSAS, V. ET AL: "Synthesis of 

o-methoxy-bet a , gamma-bi s ( al kyl ami no )propox 

ybenzenes . " 

page 330; column 2; 

XP002208150 

abstract 

& LIET. TSR AUKST. MOKYKLU M0KSL0 DARB., 
CHEM. CHEM. TECHNOL . , 
vol. 8, 1967, pages 85-87, 



1-13,15, 

30-34, 

43,44 



1-13,15, 
18-28 



1-13,15, 

18-28, 

30-34 



1-13,15 



Fonn PCT7I&VJ1 0 (continuation of second sheet) (July 1 992) 
BNSDOCID; <W O 0805721 5A3J .» 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Iternational application No. 
PCT/US 02/01307 



Box I Observations where certain claims were found unsearchable (Continuation of item t of first sheet) 

This Internationa! Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
f- nn Claims Nob.: 

because they relate to subject matter not required to be searched by this Authority, namely: 

Although claims 45 to 48 are directed to a method of treatment of the 
human/animal body, the search has been carried out and based on the alleged 
effects of the compound/composition. 

2, pn claims nos.: 1-44,49-51 all partially 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried but, specifically; 

see FURTHER INFORMATION sheet PCT/ISA/210 



3 * LZ1 cta '™s N ° s " 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4<a). 

Box II Observations where unity of invention is racking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



1 . I [ As all required additional search fees were timely paid by the applicant, this international Search Report covers all 
I ' aearchahJe claims 



2. [ I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. 1" I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
1 — 1 covers only those claims for which tees were paid, specifically claims Nos.: 



4. I j No required additional search fees were timely paid by the applicant Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest f^J The additional search lees were accompanied by the applicant's protest 

j I No protest accompanied the payment of additional search fees. 



Form PCT/ISA/21 0 (continuation of first sheet (1)) (July 1998) 

BNSDOCID: <WO 0205721 SA 3 J_> 



International Application No. PCT/US 02 £1307 



FURTHER INFORMATION CONTINUED FROM PCT71SA/ 210 



Continuation of Box 1.2 

Claims Nos.: 1-44,49-51 all partially 



Present claims 1-44,49-51 relate to an extremely large number of possible 
compounds, pharmaceutical compositions thereof and uses. Support within 
the meaning of Article 6 PCT and/or disclosure within the meaning of 
Article 5 PCT is to be found ? however, for only a very small proportion 
of the compounds, pharmaceutical compositions thereof and uses claimed. 
In the present case, the claims so lack support, and the application so 
lacks disclosure, that a meaningful search over the whole of the claimed 
scope is impossible. Consequently, the search has been carried out for 
those parts of the claims which appear to be supported and disclosed, 
namely those parts relating to the compounds according to formulae (III), 
(IV), (V) and (VI) with the following definitions: 

A6 = A8 = A10 = A12 = methylene or 1,1-ethanediyl 

A7 = A9 = All = A13 = methylene 

R21 = R24 ~ R27 = R31 = hydrogen, methyl 

R20 « R22 = R23 = R26 = R29 = R30 as defined in claims 21, 23, 27, 33, 
39 and 40 respectively 

R25 = alkyl, substituted alkyl, aryl and according to claim 29 
R28 according to claim 35 

R32 = alkyl, substituted alkyl, aryl and according to claim 42 
y=z = d = t = r = q = 0to5 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 



BNSDOCID: <WO 0205721 5A3_I_: 



Information on patent family members 


St/US 02/01307 


Patent document 
cited in search report 


Publication 
date 


Patent famiJy 
member(s) 


Publication ' 
date 



EP 0145303 A 19-06-1985 JP 60105650 A 11-06-1985 

EP 0145303 Al 19-06-1985 



FR 2496653 A 25-06-1982 



FR 


2496653 


Al 


25-06-1982 


AU 


7875781 


A 


01-07-1982 


BE 


891526 


Al 


18-06-1982 


CA 


1181748 


Al 


29-01-1985 


DE 


3150876 


Al 


29-07-1982 


ES 


508670 


DO 


01-06-1983 


ES 


8306093 


Al 


01-08-1983 


ES 


518692 


DO 


01-11-1983 


ES 


8400093 


Al 


01-01-1984 


ES 


518693 


DO 


01-11-1983 


ES 


8400388 


Al 


16-01-1984 


G6 


2091250 


A ,B 


28-07-1982 


GB 


2137992 


A ,B 


17-10-1984 


GR 


78081 


Al 


26-09-1984 


IT 


1168074 


B 


20-05-1987 


OP 


57128660 


A 


10-08-1982 


LU 


83850 


Al 


02-09-1983 


NL 


8105791 


A 


16-07-1982 


SE 


8107537 


A 


23-06-1982 


US 


4386090 


A 


31-05-1983 


US 


4431851 


A 


14-02-1984 


US 


4504663 


A 


12-03-1985 


ZA 


8108847 


A 


24-11-1982 



US 4140779 


A 


20-02-1979 CA 


1085841 


Al 


16-09-1980 






DE 


2722607 


Al 


08-12-1977 






FR 


2351971 


Al 


16-12-1977 






GB 


1538673 


A 


24-01-1979 






JP 


52142052 


A 


26-11-1977 



BNSDOCfD: 



Form PCT/ESA/210 (patent iamily annex) (July 1992) 
<WO.._ 02057215A3_I_> 



